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1 EXECUTIVE SUMMARY
3
- " METHYL -BUTYL ETHER ~ Oral Risk Assessment CAS# (634044 T
L PARAMETER. ) LEVEL 115 DERIVED
BMDL, (10% Benchmark Dose Levely 32 meskg-day | From g chramic gavage stady i rals

1° Cancer Risk Level

g sty i orads

myrkg-day | Fromachroaic g

Oral RID {oral reference dose)

Not determmed mufkg-day

TAC twotal attowable

conceniraion} 48] mefl For an adul deinking 20 walke

SPAC {single product allowable concentration) | 601 mgfL For an adult drinking 2L water/day

STEL éshort term eaposure level) I Not Deternsined m/l Notapphcable B

KEYSTUDY Belpoggi, .. M. Soffriut, and €. Maloni, 1995, Methyervary -buty] ether {MTBE) - a gasoline additive -
L e causes testeular and Ivmpho-haematopeietic cancers In rats. Toxicol. ind. Health, TH2y119-149.

CRITICAL . Leydiz (testicular inwerstitialy cell tumors m male rals and hemolymphoretivulyr leukesiawlymphomas
FEERECTS) feombined i female rats 3
UNCERTAINTY | There were no uncertainly factors applied, since @ cancer risk assessment assuming a tnear mode of action was
FACTORS performed. o
TOXHITY Increased Tver weights. aspastate amunotransferase, blood wrea sitrogen. chelesterel. and centrifobuiar
SUMMARY hypertrophy were observed in rats administercd methyl tbutyl ether via gavage for 2t ¢ more. Short-term

and subchronic gavage exposures were associated with increased mean absohute and relative kidney weights in
male rats and hyaline droplet formation in the renal proximal wbules. The increases in biver weight, Hver-

selated clintenl measurements. and centrilobular hypertrephy were hkely due o an adaptive mechanism by the
; Yp Py 3 b

liver to metabolize methyl tbutyl cther, hased on CYP4S0 induction data and the lack of reporied non-
neeplastic effects after chronic gavage exposures, However, the chronic non-neoplastic date were not avatlable
for review.

Chronic gavage exposure was mssoclated with an increase in Leydig cell mmors i male rats and
feukemias/lymphomas  (combined) in female ms.  No standasdized two-generation reproducton or
developrmental studies via the oral route were identified.  Atlempts 1o characterize the mode of action for the
Levdig celt wmors in non-standardized reproduction studies revealed that single gavage doses wl approximately
300 mgke-day resulted in reduced circulating estosterone immediately following dosing. AU gavage doses of
1,200 mgfke-day for 14 days. decreased ciroulating testosterone and luteinizing hormone. increased estradiol,
and decreased testicutar microsomal aromatase activity were observed in male rats.

fn wfve metabolism data indicate that oral exposure 10 methy! +hutyt ether for up to 28 days induces various
CYP430 isozymes.  Methyl tbuiyl ether is oxidatively demethyfated o thutanol In rodents, the
hiotransformation of thutanol has been shown to yield 2-methyi-1.2-propascdiol and o-hydrosyisobutyric
acid. No evidence of hepatic peroxisome profiferation was observed, Al investigations on nephroloxicsy were
consistent with o 2p-globulin nephropathy, which was aot considered relevant o humans.

The weight of genotosicily evidence suggests that methy! shutyl ether has some genotoxie potential and there
were msuffivient daia to support a nen-genotoxic mode of action. Thas. a 107 cancer risk fevel Tor methyl ¢
byl ether was extrapolated from the chronfe gavage BMDL,.. which was essentially the same, whether based
on the Leydig cel mumors in male rats 32 mpfkg-dayy or on lymphatic tumors i female rats (36 mg/kg-dav)y

CONCLUSIONS

There are no chronic data in humans, it there ¢ pvidence of carcinogenic polential” after gavage
exposure 1o methyl Chueyt ether in rats, The drinks action levels developed tn this fisk assessmont are
protective of pubbc health, since they were caloulated based on the tumer incidences observed in o chronic
as considered adequute for the purposes of sk assessment
route exrapoladion to

gavags study, Alhough the study was [lawed, 0y
and moere appropriste tian using a chronic inhaiation study with mhalation w0 o

estimate # Bfetime cancer risk from oral exposme 10 methyl Chuly] ether,
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1.6 INTRODUCTION

This document has been prepared to allow toxicological evaluation of the unregulated
contaminart methyl t-butyl ether in drinking water as an extractant from one or more drinking
water system components evaluated under NSF/ANST 6] (2007} or a8 a contaminant 1 a
drinking water treatment chemical evaluated under NSF/ANSE 60 (20075 Both non-cancer and
cancer endpoints have been considered, and risk assessment methodology developed by the U5,
Environmental Protection Agency {U.S. EPA) has been used.

Non-cancer endpoints are evaluated using the reference dose (RfI) approach (Barnes and
Dourson, 1988; Dourson. 1994; U.S. EPA. 1993 US. EPA, 2002), which assumes that the
threshoid for these endpoints will not be exceeded if appropriste uncertainty factors (Dourson et
al.. 1996; U.S. EPA, 2002} arc applied to the highest dose showing no sigmificant effects. This
highest dose is derived from human exposure data when available. but more often i3 derived
from stucies in laboratory animals. Fither the no-observed-adverse-etfect level (INOALL} taken
directly from the dose-response data or the calcutaled lower 95% confidence limit on the dose
resulting in an estimated 1% increase in response (the LED:; or BMDL 5 from benchmark dose
programs) can be used (U.S. EPA, 2007a). The lowest-observed-adverse-effect level (LOAEL)
can alse be used, with an additional uncertaingy factor. although the benchmuark dose approach is
preferred in this case. The RITY is expressed in mg/fkg-day, It is defined by the U.S. EPA as "an
estimate (with uncertainty spanning perhaps an order of magnitude} of a daily exposure to the
human population (including sensitive subgroups) that is tkely to be without an appreciable risk
of deleterious effects during a lifetime” (Barnes and Dourson, 1988; US, EPA, 1993; US. EPA.
2003a).

NSFE uses the RfD to derive three product evaluation criteria for non-cancer endpoints. The total
altowable concemration (TAC), generally used to evaluate the results of extraction testing
normalized to static at-the-tap conditions, is defined as the RfD muitiplied by the 70 kg weight of
an average adult assumed to drink two liters of water per day. A relative source contribution
(RSC). to ensure that the RfD is not exceeded when food and other non-water sources of
exposure 1o the chemical are considered. is also applied in calcufating the TAC. The relative
source contribution should be data derived. if possible,  Alternately. a 20% default contribution
for water can be used (U.S. EPA. 199133 The TAC calculation is then as follows,

TAC (mg/L)

i

IR (nwke-davi x 70 kgl - Total contribution of other sources {mg/dav i)
2 Liday

(631

TAC (mg/ly = RID dmefke-duvy x 70 ke x 0.2 (RSO)

2 Liday

The single product allowable concentration (SPAC, used for water treatmerst chemicals and for
water contact materials pormabized o flowing at-the-tap conditions, {5 the TAC divided by the
estimated total number of sources of the subsmnce i the drinking wader treatment and

[
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distribution system, In the absence of source data, a default multiple source factor of 1018 used.
The multiple source factor accounts for the possibility that more than one product in the water
andfor ts diswribution system could contribute the contaminant in question.

Finatly, a shori-term-exposure level (STEL). ar a higher level than the TAC, may be caleulated
for contaminants such as sulvents expected to extract at higher levels from new product, but also
expected to decay rapidly over time. The STEL is calculated from the NOAEL or the LEDys of
an animal stady of 14- 1o 90-days duration, with uncertainty factors appropriate to the duration of
the study. The contaminant level must decay 10 a level at or below the TAC under static
conditions, o to # level at or below the SPAC under flowing conditions within 90 days, based on
the contaminant decay curve generated from over-time laboratory extraction data.

Endpoints related o cancer are evaluated using modeling to fit a curve to the appropriate dose-
response data {U.S. EPA, 1996a, U.S. EPA, 1999 US. EPA, 2003b). 1f there 15 sufficient
evidence to use a non-linear model. the LED or BMDL ., divided by the anticipated exposure.
is calculated to give a margin of exposure. If there is insufficient evidence to document non-
linearity, a linear model drawing a straight line from the LED ot BMDL s to zero is used as a
default. If a linear model (generally reflecting a genofoxic carcinogen) is used. a target risk
range of 10% 10 107 is considerad by the U.S. EPA o be safe and protective of public health
(U.S. EPA. 1991a3. For the purposes of NSF/ANSL 60 (2005) and 6t (20073, the TAC is set at
the 107 risk level. and the SPAC is set at the 107 risk level. Use of a higher risk level is not
ruled out. but would generally require documentation of a benefit o counteract the additional
risk.

The RfD, TAC, SPAC, and STEL values derived in this document are based on available health
effects data and are imtended for use in determining compliance of products with the
recuirements of NSF/ANSI 60 (2005) and 61 (2007).  Application of these values to other
exposure scemarios should be done with care and with a full understanding of the values
derivation and the comparative magnitude and duration of the exposures. These values do not
have the rigor of regulatory values, as data gaps are generally filled by industry or government
studies prior to regulation. Data gaps introduce uncertainty into an evaluation and require the
use of additional uncertainty factors to protect public health.

The general guidelines for this risk assessment include those from the National Research Council
(NRC, 1983 and from the Presidential/Congressional Commission on Risk Assessment and Risk
Management (1997a; 1997b). Other guidelines wsed in the development of this assessnient may
include the foltowing: Guidelines for Carcinogen Risk Assessment {U.S. EPAL 1986). Proposed
Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1996a). draft revised Guidelines for
Carcinogen Risk Assessment (U.S. EPA. 1999). draft final Guidelines For Carcinogen Risk
Assessment (.8, EPA, 2003k, Gaidelines for Carcinogen Risk Assessment (2003b), CGuidetines
for Developmental Toxicity Risk Assessment (US. EPA. 1991b), Guidelines for Reproductive
Toxicity Risk Assessment (ULS. EPAL 1996k Guidelines for Neurotoricity Risk Assessment
(U.S. EPA, 109%). A Review of the Reference Dose and Reference Concentration Process (U5,
EPA, 20025 Recommendations for and Documentation of Biological Values for Use in Risk
Assessment (1.8, EPA. 19881, and Heahth Effects Testing Guidelines (U.S. EPA. ZU07b;.
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The literature search strategy employved for this compound was based on the Chemical Abstract
Service Registry Number (CASRN) and at Jeast one common name.  As a minimum. the
following data banks were searched:

*  ChemiD Plus

e Registry of Toxic Effects of Chemical Substances (RTECS)
¢ Hazardous Substances Data Bank (HSDB)

o GENE-TOX

o Environmental Mutagen Information Center (EMIC)

-

Developmental and Reproductive Toxicology (DART)
+  TOXLINE - Core and Special

s TRI{Toxics Release Inventory}

¢ Chemical Carcinogenesis Resgarch Information System (CCRIS)

»  Medline (via PubMed}

e Integrated Risk Information System (IRIS)

s Syracuse Research Corporation Online Toxic Substance Control Act Database (TSCATS)
-

Current Contents (as requested)

The literature search for this chemical was conducted on September 29, 2003 and updated on
January 23, 2008. This document includes all relevant information retrieved as a result of those
searches.

2.0  PHYSICAL AND CHEMICAL PROPERTIES

Methyl t-butyl ether is an aliphatic diatky! ether with synonyms of 2-methoxy-2-methylpropane;
2-methyl-2-methoxypropane: ether, tert-butyl methyle MTBE; methyl 1. 1-dimethylethyl ether:
methyl tert-butyl ether; methyl tertiary-butyl ether; propane. 2-methoxy-2-methyl-: t-butyl
methy! ether: tert-butyl methyl ether (ChemIDPlus, 20033, Tt has trade names of 3 P Concord.
Driveron, HSDB 5487, and UN 2398 (IPCS. 1998). It has the following structure. and physical
and chemical properties listed in Table 1
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| Table 1. The physical and chemical properties of methyl t-butyl ether

R o Preperty. o oo o Db P Referemce
Empirical Formula CH0 OEHHA, 1999
CAS# 1634-04-4 OFEHHA. 1999
Molecular Weight 58.15 OEHHA, 1959
Physical State and Color codorless Liguid at room emperature | TPCS, 1998
Melting Point 9 OFEHHA, 1999
Boiling Poing 832°C PCS, 1998
Density L (.7404 a1 20°C _LIPCS, j9ug
Viapor Pressure 33,500 Pa at 253°C PCS. 1998 o
Water Solubility 31 o/l ar 25°C OEHHA, 1949
Dissociation Constant (pK) _ Not reported
w-Octanol/Water Partition Coefficient (1o Ko} _ U‘%il's T aH)CS' 1998

“ {43 (estimuated)y N b AT
Henry’s Law Constant {air/water partition} 5.87 £ 107 atm-n/mote at 25°C OEHHA. 1959

2.t Organoleptic Properties

4

5

6 Methyl t-butyl ether has a terpene-like odor (JPCS. 1998}, Individual variability in sensitivity to
7 taste and odor make it ditficuit to identify odor and taste thresholds for methyl t-butyl ether in
& water (ECB. 2002). IPCS (19985 has reported that the taste threshold for methy] t-butyl ether in
O water is 134 ppb. OEHHA (1999) has cited various sources that report odor thresholds for
10 methyl t-butyl ether in water of between 2.5 1w 680 ppb. The U.S. EPA (1997) recommended a
I} drinking water level of 20-40 ppb for methyl t-butyl ether. based on averting taste and odor.
12 More recent data by Suffet et al. {2007) suggests that the odor threshold for methyl t-hutyl ether
13 nowater is 2 15 ppb.

1

I 30 PRODUCTION AND USE
16
17 3.1 Production

19 Industrially, methyl t-butyl ether is derived from the catalytic reaction of methanol and
20 isobutylene over an acidic jon-exchange resin catalyst such as sulfonated styrene cross-linked
21 with divinyl benzene in the liguid phase at 38-93°C and 100-200 psi (IPCS. 1998). It can also be
22 prepared from methanol, t-butanol, and diszomethane.

24 Methyl t-batyl ether is among the 50 highest production volume chemicals (IPCS, 1998). In
25 1999, towl worldwide annual production of meihyl ©-butyl ether was about 21 million wns or
26 46.3 billion pounds (ECB. 20023, Methyt t-butyl ether is a high production volume chemical in
27 the United States (U5, EPA. 2007¢) and Buropean Union (2004),

28

2% 32 Use

H3

3 Ttis anticipated shat the use of methyl t-butyl ether will continue o increase (PCS. 1998). North
32 America s the bargest consumer of methyl t-butyl ether. accounting for about two-thirds of the
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wortd's annual use (IPCS, 10981, In 1996, the US was the world's largest consumer of methy! (-
butyl ether with a usage of 10,6 million tons (12.2 billion pounds) per year

The major use of methy! t-butyl ether is as an oxygenated additive in gasoline. 1o which 1t is
blended at 2 to 11.3% by volume (ECB, 20023, IPCS {1998) reports that methy! t-butyl ether has
been added to gasoling in concentrations up o 17% by volume, Only a minor amount s used for
other purposes. such as solvent instead of dicthy! ether or diisopropyl ether in both the chemical
and pharmacentical industry and laboratories (ECB. 2002y, Approximately 25% of gasoline in
the USA is biended with methyl t-butyl ether (IPCS, 19983 Methyi t-butyl ether is almost
exclusively used to provide both octane enhancement and an increase in the oxygen content of
gasoline. No approved uses for methyl t-butyl ether as a direct or indirect food additive were
identified under Title 21 of the U.S. Code of Federal Regulations (U.S, FDA. 2007).

4.0  ANALYTICAL METHODS
4.1 Analysis in Water

Sorptionvdesorption, inctuding purge and trap systems, and headspace procedures have been used
1o prepare water for analysis of methyl t-butyl ether (IPCS, 1998). The anatytical methods for
methyl t-butyl ether in water have been reviewed by IPCS (1998). These methods include the
static headspace procedure using gas chromatography with photoionization detection (GC-PID)
with a detection limit of 10.8 pg/m® and the purge and trap procedure using gas chromatography-
mass spectrometry with detection Hmits ranging from 0.06 0 5 ug/L. NSF International uses
U.S. EPA {1995) method 302.2 employing gas chromatography for volatite compounds to detect
methyl t-butyl ether as an extractant from drinking water system components tested to
NSF/ANSI Standard 61 (2007). The reporting limit is 0.5 pgd.

4.2 Aualysis in Biological Matrices

Methyl t-butyl ether is analyzed in biological matrices generally by gas chromatography. using a
range of capillary cofumns and detector systems suited to the specitic matrix HPCS, 194983,

5.0 SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE
2.1 Seurces of Human Exposure

Merhyl t-butyl ether does not occur naturally in the enviropment (IPCS. 1998). Groundwater
may become contaminated with methyl tbutyl ether throngh lesking underground storage tanks
or spillage from overtiliing of the storage tanks (ECB. 2002). Tn the USA, methy! t-butyl ether
has been detected in storm water. surface water. including streams, rivers. and reservoirs,
aroundwater, and drinking water (IPCS. 19985, Methy! -butyl ether 15 infrequently detecied in
public drinking-water systems from groundwater. tn all but three out of 51 systerns i which it
was reported. the concentration was €20 pg/l. There are inadequute data 1o characterize the
concentration of methyt tbuivl ether in public drinking-water systems from surface water,
Methy! t-butyl ether has been found at high levels the. 21000 pg/Ly in a few private wells used
for drinking water (IPCS. 19985 Methyl t-butyl ether has been derected as an extractant from

i
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drinking water system components tested to NSF/ANSI 61 {2007) at normalized concentrations
up to .2 mgfl.

Workers with potential exposure to methy! t-butyl ether incinde those involved in the production,
distribution, and use of methy! t-butyl ether and methyl t-butyl ether-containing gasoline.
including service station attendants and mechanics (IPCS, 1998). The sources of indusirial
occupational exposure to ntethyl butyt ether have been reviewed by ECB (2002) and include
individuals involved in the production. formulation. transportation. or distribution of methyl «-
butyl ether. These exposures include personnel employed at service stations, those involved in
maintenance  operations and  avtomotive repairs, and individuals in the chervical or
pharmaceutical industries in which methyl t-buyl ether is used as a solvent. Exposure of the
pubiic to methy! t-butyl ether can be principally by inhalation of fumes while refueling motor
vehicles and drinking contaminated water (McGregor, 2006). Maximum internal doses resulting
from such exposures are unlikely to exceed (.65 mg/kg-day and will normally be very much
tower.

5.2  Sources of Environmental Exposure

Methy! t-butyl ether may enter the environment during alt phases of the peiroleum fuel cycle
(IPCS. 199%). Sources include auto emissions, evaporative losses from gasoline stations and
vehicles, storage tank releases, pipeline feaks, other accidental spills. and refinery stack releases.
Annual estimates of methyl t-butyl ether mass releases to the environment from all potential
sources have not been reported in the scientific literature, However, releases from storage tanks,
vehicular emissions, and evaporative fosses from gasoline stations and vehicies are perceived to
be important sources.

Concentrations of methyl t-butyl ether detected in storm water ranged from 0.2 to 8.7 pg/l. with
a median of less than 1.0 pug/L. For streams, rivers, and seservoirs, the range of defection was
from 0.2 to 30 pg/L.. and the range of medians for several studies was 0.24 10 7.75 pg/L. Methyl
t-butyl ether has generally not been detected in deeper groundwater or in shallow groundwater in
agricultural areas. When detecied, the concentration is less than 2.0 pg/i. Methyt t-butv] ether is
more frequently found in shatlow groundwater (top 5-10 feet of these aquifers) in urban areas. In
this setting, the concentrations range from less than 0.2 pg/l. to 23 mg/L. with a median value
below (.2 pg/L (IPCS, 1998}

6.0 COMPARATIVE KINETICS AND METABOLISM IN HUMANS AND
LABORATORY ANIMALS

Numerous sindies investigating the kinetics and metabolism of methy] t-butyl ether in humans
and laboratory animals are available. These data have been reviewed by several regulatory
organizations, including European Chemicals Bureau (ECB, 2002). Office of Environmenial
Heaith Hazard Assessment of the California EPA (OFHHAL 1999, the International Programme
on Chemical Safety of the World Heafth Organtzation (IPCS. 1998), the European Center for
Ecotoxicology and  Toxicology of Chemicals (ECETOC, 1997 the Agency for Toxic
Substances and Disease Registry (ATSDR, 1996). and Health Capada (19921 Several review
articles on these data are also available in the scientific lierzmre.
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Methy! t-butyl ether was absorbed into the blood of human volunteers who rapidly drank 2.8 mg
methyi t-butyl ether in 230 ml. Gatorade {Prah et al., 2004). Mean bload fevels of methyl t-butyl
ether peaked at 0.17 umol/L between 15 and 30 minutes tollowing administration and declined
to at or below the detection Hmit (0.05 umoVL) at the 24-hour sampling period. In human
volunteers who rapidly drank 6.7 pl methy! t-butyl ether in "about 5 myg” of lemon-time solution,
peak blood levels of methyl t-butyl ether ranged from 5 w 15 ng/ml {0.06-0.17 pmol/y (ECB,
20021,

In rodents, methyl t-buty! ether is well absorbed and distributed following oral admimstraiion
(IPCS. 1998). Rapid and complete absorption across the gastrointestinal tract was observed in
rats administered methyl t-butyl ether via gavage at 40 mg/kg (ECB. 20023 At 400 mg/kg oral
exposure in rats, the percentage of total absorbed dose eliminated in expired afr increased with a
corresponding decrease in the percentage eliminated in urine, indicating a sateration of
metabolism (IPCS, 1998),

In vive studies on the metzbolism of methyl t-butyl ether in humans and rats indicate
qualitatively similar overall metabolism (ECB, 2002). Methyl t-butyl ether is oxidatively
demethylated by microsomal enzymes 1o t-butanol and formaldehyde. but the latter has only
been shown i vitre. In rodents, the biotransformution of t-butanol has been shown to yield 2-
methyl-1,2-propanediol and a-hydroxyisobutyric acid {Figure 1)

The cytochrome P450-mediated biotransformation of methyt t-butyl ether has been explored in
several in virro studies with liver microsomes from humans, rats, and mice (ECB. 2002}
Metabolism of methyl t-butyl ether by rat fiver microsomes produced equivalent amounts of
formaldehyde and t-butanol. and data strongly suggest that when expressed. CYP2B1 is the
major enzyme involved in methyl t-butyl ether demethylation and that CYP2Ei may have a
minor role.

Since these kinetic and metabolism data for methyl t-butyl ether in humans and laboratory
animals have been reviewed previousty, the current review focuses on only the new oral data
since these reviews. Recent data confirm that methyl t-butyl ether is rapidly absorbed following
oral administration. Approximately 30% of administered dose in humans was cleared by
exhaiation as unchanged methyl t-butyl ether and as t-butanol within 10-20 min. Less than 0.1%
of the administered dose was recovered in expired air as acetone. Approximately 50% of the
administered dose in humans was eliminated in the urine as unchanged methyl t-butyl ether
(~0.1%%). t-butanol {~1% 1. 2-methyl- 1 2-propanediot (~9%), and 2-hydroxyisobutyrate (~40%).

9.
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Figure 1. Proposed metabolic scheme of methyl t-butyl ether
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.1 Absorption

Previous data in humans of sboratory animals demonstrate that methy! thatyl ether iy rapidly
shsorbed following oral administration. Recent data by Prah et al, (20043, Amberg et al. {2001,
and Dekant et al. (20015 confirm this chservation.  Methyl tbuty! ether was rapidly absorbed

s
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from the gastrointestinal tract and a significant part of the administered dose was wransferred into
blood of human volunteers ingesting methyl t-butyl ether in water or Gatorade. No other recent
data regarding the absorption of methyl t-butyl ether following oral exposure in humans of
laboratory animals were identified.

6.2 Distribution

Recent data regarding the distribution of methyl t-butyl ether after oral exposure were Himited to
the measurement of methyl -butyl ether and one of its metabolites, t-butanol, in blood after ordl
ingestion in human volunteers,

Fourteen heatthy male volunteers ingested 2.8 mg methyl t-butyl ether {unspecified purity) in
250 mL Gatorade (Prah et al.. 2004). Gasworade was used as the vehicle 1o mask the unpleasant
taste of methyl t-butyl ether. Blood samples were coliected after 0. 5. 15, 30, 45, 60. 75, 90, 105,
120, 180, 240, 360, and !.440 minutes. Mean levels of methyl t-buty] ether and t-butanoi in the
blood were determined using gas chromatography/mass spectrometry. The plasma half-life of
methy! t-buty! ether was determined. The area under the plasma concentration versus thime curve
was estimated for methy! t-butyi ether afone and for methy] t-butyt ether plus t-butanol.

Mean blood levels of methyl t-butyl ether peaked at 0.17 umob/L between 15 and 30 minutes
following administration and declined to at or below the detection fimit (0.05 wmol/Ly at the 24~
hour sampling period.  Blood levels of t-butanol peaked ai 0.23 pmol/L at the 45-minute
sampling period and did not return to pre-exposure levels by the 24-hour sampling period.
flimination of methyl t-butyl ether from the blood was best characterized by a three-
compartment model. The mean half-lite for methyl t-butyl ether elimination from the blood in
the first, second. and third phases was 14,9, 102.0, and 417.3 minutes. respectively. The mean
area under the plasma concentration versus time curve was estimated to be 1.682 umoi/hi/L for
methy! t-buty! ether alone, 20.025 umol/hi/L for t-butanol. and 10,854 wmol/hr/LL for methyl t-
butyl ether and t-butanot combined. The mean area under the curve ratio of t-butanol to methyl -
butyl ether was 13.1 in the blood. Since this study also included the dermal and inhalation routes
of exposure, the study authors suggested that these pharmacokinetic estimates were useful in
constructing a physiologicaliy-based pharmacokinetic model for methyl t-butyl ether in humans
across different routes of administration.

Three human volunteers per sex and dose ingested 0. 3. or 15 mg BC-metavl t-butyl ether in 100
ml water (Ambery et al,, 2001: Dekant et al., 20013, Blood samples were collected at 60-minuie
intervals for the first four hours and at 120-minute intervals thereafter untit 12 hours. A final
blood sample was collected 24 hours after administration.

At 5 my, the maximum concentration in the blood averaged U.10 uM, and these Concenirations
were obtained with the first blood samples. which were taken after one hour.  Elimination of
methyl t-butyl ether from the blood occurred i three phases. and the mean half-life of each
phase was 0.8, 1.8, and 8.1 hours.  Mean blood concentrations of hutanol were 132 uM. The
mean terminal half-lite of t-butano] clearance from the blood was 8.1 bours. Levels of methyi -
putyl ether and t-butanol in blood declined to at or near the limit of detection at the 12- and 24-
hour sampling tmes, respectively.
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At 15 mg, the maximum concentration in the blood, which was reached atwer one hour, averaged
0.69 uM. Elimination of methyl t-butyl ether from the blood occurred in three phases, and the
mean half-life of each phase was 6.7, 1.2, and 3.7 hours. Mean blood concentrations of ~butanol
were 0.45 uM. The mean terminal half-life of -butanol clearance from the biood was 8.5 hours,

6.3 Metabolism
6.3.1 Humans

The metabolism of methy! t-butyl ether was studied in three human volunteers per sex and dose
after ingestion of 0, 5, or 15 mg PC-methy] t-butyl ether in 100 mL water {(Amberg et at.. 2001
Pekant et al., 2001). Mass spectrometry was used to identify urinary metabolites in urine
samples collected at 6-hour intervals for 96 hours. At S and 15 me. 46% and 49%. respectively,
of the administered dose was eliminated in the urine as unchanged methyl t-butyl ether. t-
butanol, 2-methyl-1,2-propanediol. and 2-hydroxyisobutyrate. At 5 mg. unchanged methyt t-
butyl ether, t-butanol, 2-methyi-1.2-propanediol, and 2-hydroxyisobutyrate comprised .00, L9,
and 36% of the administered dose, respectively. At [5 mg, unchanged methyl t-butyl ether, «
butanol, 2-methyl-.2-propanediol, and 2-hydroxyisobutyrate comprised 0.1, 1. 8. and 0% of
the administered dose, respectively, Hepatic first-pass metabolism was not observed.  The
authors concluded that the metabolic pathway for methyl t-butyl ether after oral exposure was
identical to concurrently conducted inhalation exposure studies.

The metabolism of methyl t-butyl ether was studied in a panel of 12 human hver microsomes
isolated from nine male and two female donors (Le Gal et ab, 2000). The human liver
microsomes metabolized methyl t-butyl ether into t-butanol and formaldehyde. The mean
Michaelis-Menten constant (Km), which describes the catalytic power of an enzyme Of rate of a
reaction catalyzed by an enzyme, was determined. The mean apparent Km{1) was determined t©
be 0.25 mM, which was considered low by the study authors. and the mean apparent Km(Z) was
2.6 mM., which was considered high. The study authors concluded that kinetic data. along with
the results from corretation stidies and chemicat inhibition studies, support the assertion that the
major enzyme involved in methyl t-butyl ether metabolism is C YP2A6. with a minor
contribution of CYP3A4 at low substrate concentration.

6.3.2 Laboratory Animals

Williams and Borghoft (2000) investigated the hypothesis that methyl t-butyl ether-induced
decrease in serum testosterone levels in male rats may be due in part o the abslity of methyl t-
butyl ether to induce the metabolism of endogencus testosterone and, hence, cunhance is
clearance, Fifteen male Sprague-Dawley rats per dose were administered 0 or 1.500 mg/kg-day
methyt t-butyl ether (> $9.9% purity in corn oif) via gavage for 15 days. Ina second experiment,
fifieen male Sprague-Dawley rats per dose were administered 0. 250, 500. LOGO, or £,500
mg/kg-day methyt t-butyl ether (> 99.9% purity in corn oil} via gavage for 28 days. At study
termination. the rats were sacrificed. body and liver weights were determined, and hepatic
microsomes were isolated for measurement of CYPA30 activity,  Teswsterone hydroxylase
activities of hepatic microsomes. which were used as markers for CYP450 enzyme activities,
were afso assessed, These enzymes wncluded 2-g 2-f- 6B 7-o-, 16--0 and 17~ -
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hydroxytestosterone, The activities of p-nitrophenol and UDP-glucuronosyltransferase were also
assessed to evaluate the mechanism of centrilobular hypertrophy observed in rodents after
repeated methyl t-butyl ether exposures. The formation of formaldehyde, a metabolite of methyl
-butyl ether, was also measured,

After 15 days. total hepatic microsemal cytochrome C YP430 was increased 1.3-fold in rais
reated with 1500 mg/ke-day methyl -butyl ether. CYPIAEZ, CYP2AL, CYP2EL, and
CYPIB /2 activities were increased F.5-. 2.4-, 2.3, and 6.5-fold. respectively, at 1.500 mg/kg-
day after 15 days. 7-0-hydroxytestosterone was statistically increased by 2.4-fold compared w0
controls.

After 28 days, total hepatic microsomal cytochrome CYPI50 was not statistically different
compared to control. At 1000 mg/kg-day after 28 days. 4 statistical increase in mean relative
liver weight (10-14%, ot further specified) and a 2.0-fold increase m CYP2B1/2 were observed
compared to controls.

After 28 days at 1,500 mg/kg-day. a statistical increase in mean relative liver weight (10-14%,
not further specified) was observed.  CYP 2B1/2, CYPZEL CYP3A1/2. and UDP-
glucuronosyltransferase activities were statistically increased by 2.9., 2.0-, 2.1 and 1.7-fold
respectively, compared to controfs. 6-B-hydroxytestosterone was statisticaliy increased by 2.1+
fold compared to controls. UDP-glucuronosyliransferase was statistically increaged compared to
controls. Formaldehyde production was statistically increased compared to controls at 1,500
mg/kg-day after 28 days. Methyl -butyl ether also induced its own metabolism 2.1-fold at 1,500
mg/kg-cay after 28 days, and the authors noted that this effect was consistent with the induction
of CYP2EL and CYP2BI. It should be noted that mean body weight was reduced by 12%
compared 1o controls at 1.500 mg/kg-day after 28 days.

The study authors concluded that methy! t-butyl ether induced mild increases in testosierone
hydroxylase enzymes. Further, the increase in UDP-glucuronosylransferase was consistent with
the centrilobular hypertraphy observed in rodents after repeated methyt t-butyl ether exposures.
The decrease in serum testosterone observed following methy] t-butyl ether administration may
be the result of enhanced testosterone metabolism and subsequent clearance.  However. the
authors stated that the most pronounced effects were observed at the high dose of 1,500 mg/kg-
day, at which ciinical signs of toxicity and reduced body weight (12%} were also observed. The
authors further noted that since the increases in testosterone hydroxylase enzyme activities were
ceneratly mild. the hypothatamus-pituitary  hormonal feedback loop could be expected 10
compensate for mild reductions in circulating tesiosterone i vivo.

Eight female B6C3F, mice per dose were given methyl -buty ether (> 99.95% purity in coni
ail) by gavage at O or 1,800 mg/ka-day for three days (Moser et al.. 19963, Food and water were
available ad fibitum. Fighteen hours after the Tast dose. the mice were sacrificed and hepatocyte
eytochromes were isolated. Methy! t-butyl ether induced a statistical increase (37% ) in totad
hepatic cvtochrome PA30 content, a Y-fold increase tn hepat i T-pentoxy-resorufin-O-deatkylase
activity (4 CYP2B marker) and a 2-fold increase in hepatic Frethowy-resorufin-O-deethyluse
activity compared o contiols,
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6.4 Elimination/Excretion

The elimination of methyl t-butyl ether and t-butanol in expired air was investigaled i seven
healthy mate volunteers who ingested 2.8 mg methy! t-butyl ether (unspecified purity) in 250 mL
Gatorade (Prah et al., 2004). Gatorade was used as the vehicle o mask the unpleasant aste of
methy! t-butyl ether, Fxhaled air samples were collected after 0, 5. 15, 30, 45, 60, 75, g0, 135,
120, 180, 240, 360, and 1,440 minutes. Mean levels of methyl bm\l ether and t-butanol in
exhaled air were determined using gas chromatography/mass spectrometry.

Elimination of methy! t-butyl ether from expired air was best characterized by a three-
compartment model. The mean half-life for methyl t-buty!l ether in expred air in the first,
second. and third phases was 13.0, 63.1, and 254.0 minutes, respectively. The mean area under
the curve ratio of t-butanol to methy! -butyl ether was 0,173 in exhaled air. Since this study also
included the dermal and inhalation routes of exposure. the study authors suggested that these
pharmacokinetic estimates were useful in constructing a physiologicaity-based pharmacokinetic
mode} for methy! t-buty! ether in humans across different routes of administration.

The urinary elimination of methy! t-butyi ether was examined in three healthy human volunteers
per sex administered 5 and 15 mg PC-methyl t-butyl ether (> 98% purity) in spiked tap water
samples (Amberg et al, 2001), The different doses were administered four weeks apart. Urine
samples were collected for 96 hours after administration in six hour intervals, and blood samples
were taken in 60-minute intervals up o four howrs, then at 120-minute intervais up to 12 hows,
and ultimately at 24 hours. Methyl t-butyl ether and t-butanol concentrations in blood were
determined. Urine metabolites, including the parent compound. t-butanol. 2-methyl-1.2
propanediol, and 2-hydroxyisobutyrate were quantified.

At 5 and 15 mgfkg, 46% and 49%. respectively. of the administered dose was eliminated in the
urine as unchanged methyl tbutyl ether, t-butanol. 2-methyl-1.2-propanediol, and 2-
hydroxyisobutyrate. The authors concluded that the kinetics of excretion after oral exposure
were identical to concurrently conducted inhalation exposure studies,

In the same experiment. the respiratory ch;mnd:um of methyl t-butyl ether was examined in three
healthy male volunteers administered 15 mg HC.methyl t-butyl ether (> 98% purity) in 100 mL
tap water samples (Amberg et al., 20013, Approximately 30% of the methyl t-butyl ether dose
was cleared by exhalation as unchanged methyl t-butyl ether and as t-butanol. Methyl t-butyl
ether exhalation was rapid and maximum concentrations of 100 nM in exhaled air were auhxe‘ ed
within 19-20 min. Less than 0.1% of the administered dose was recovered in expired air as B
acetone.  The study authors conciuded that the results indicate that the biotransformation and
excretion of methyl t-butyl ether after oral exposure is similar o inhalation exposure and
suggested the absence of a significant first-pass metabolisny of methyl t- butyl ether in the liver
after oral adminstration,

6.5  Physiologically-based pharmacokinetic models

Although several physinfogically-based pharmacokinetic modefs have been constructed 1o model
the behavior of inhaled muél}i t-huty! ether. modeis describing the behavior of methyl t-butyl
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ether after oral exposure are limited and usually include multipie exposure routes, Kim et al.
(2007) developed & multipte-route (oral. inhalation and dermal) nine-compartment model of
methy! t-butyl ether and t-butano! in humans based on blood messarements of these compounds.
Borghoff et al, {1996) developed a multiple-route (oral, inhalation and INravenous) seven-
compartment model of methyl t-butyl ether and t-butanol in F344 rats.

7.0 EFFECTS ON HUMANS

7.1 Case Reports

No recent case reports regarding oral exposure to methyl t-butyl ether were identitied.
7.2 Epidemiologicai Studies

Epidemiological studies of human populations exposed under occupational as well as non-
occupational conditions, and experimental studies of human voluateers exposed under controlled
conditions, have not been able to identify a basis for headache, eye and nose irritation, cough,
nausea, dizziness. and disorientation reported by consumers in some areas as a result of fueling
with gasoline (IPCS, 1998). Although results are mixed, IPCS (1998} suggested that commuity
studies conducted in Alaska, New Jersey, Connecticut. and Wisconsia provided limited or no
evidence of an association between methyl t-butyl ether exposure and the prevalence of health
complaings.

In controlled experimental studies on adult volunteers exposed in inhalation chambers to miethyl
t-butyl ether at concentrations ranging from 5.0 mg/m’ (1.4 ppm} to 270 mg/m” (75 ppm), there
were no evident effects on either subjective reports of symptoms or objective indicators of
irritation or other effects up to 180 mg/m’ (50 ppm) for up to two hours (IPCS. 1998). Thus. it
appears unlikely that methyl t-butyl ether alone induces adverse acute health effects in the
seneral population after inhalation exposure. However, the potential effects of mixtures of
gasoline and methy! t-buty! ether, and the manner in which most persons are exposed to methyl
t-butvl ether in comjunction with the use of oxygenated fuels. have not been examined
experimentaliy or through prospective epidemiclogical methods.

8.0 EFFECTS ON LABORATORY ANIMALS AND IN VITRO TEST SYSTEMS

Numerous reguatory organizations, inctuding European Chemicals Bureau (ECB. 2002). Office
of Environmental Health Hazard Assessment of the California EPA (OEHHA, 1999} the
Internationat Programme on Chemical Safety of the World Health Organization (IPCS, 1998,
the Euoropean Center for Ecotoxicology and Toxicology of Chemicals (ECETOC, 1997), the
Agency for Toxic Substances and Discase Registry (ATSDR, 1996}, und Health Canada (1992}
have critically reviewed the studies in laboratory animals for methy! t-butyl ether. This section
includes only the oral studies for methyl t-butyl ether. due t their significance m the
development of lifetime drinking water fevels for methyl t-butyl ether, since studies by the
inhalation andfor dermal routes have been critically reviewed elsewhere.
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No evidence of hepatic peroxisome proliferation was observed in male rats administered methyl
t-butvt ether via gavage at 800 mg/kg-day for 14 days, but increased mean relative liver weight
and minimal-to-moderate centrilobular hypertrophy were observed in male rats administered
methyt t-buty! ether via gavage at 1,000 mg/kg-day and above for 28 days. In male and female
rats administered high doses of methyl t-buty] ether {1.250 mg/kg-day) via gavage for 28 days,
statistically increased cholesterol levels of at least 20% compared to conirols were observed.

Short-term and subchronic gavage exposures to methyl t-butyl ether were associated with
increased mean absolute and relative kidney weights in male rats accompanied by hyaline
droplet formation in the renal proximal wbules, In rats administered methyl t-butyt ether at HES
mg/kg-day and above via gavage for 13 weeks, statisticaily increased mean blood ures npitrogen
fevels of at least 13% compared to controfs were observed. Chronie gavage exposure 16 methyl
t-bulyl ether was associated with an increase in Leydig cell wumors in male rats and
leukemias/lymphomas {combined} in female rats,

8.1 Limited-Exposure Effects

Methyl t-butyl ether was found to be irritating to the eves and skin of rabbits. but did not induce
skin sensitization in guinea pigs.

8.1.1 Irritation and Sensitization Studies

Following the application of 0.5 mL. of neat methyl t-buty! ether to the intact and abraded skin of
six rabbits for 24 hours, a primary irritation index of 3.36 was reported, which was considered
"moderately” irritating to skin (IPCS, 1998). Moderate erythema and edema were observed.
Effects were stightly more pronounced on abraded skin. In mice. methyl t-butyl ether can induce
slight to severe respiratory irritation following inhalation of 300 1o 30.000 ms.!m respectively.
A 1% induction and challenge concentration of methy!t t-butyl ether did not induce skin
sensitization in twenty guinea pigs (IPCS. 1998), ‘

£.1.2 Ocular Exposure Studies

Methy! t-butyl ether was iritating 1o the eves of rabbits and caused mild, but reversible, changes
(IPCS. [998).

8.2  Single-Exposure Studies
The oral (gavage) LDs; for methyl t-butyl ether is approximately 3.800 mg/kg in rats {IPCS.

19685 and 4.000 in mice (OEHHA. 19993, Signs of intoxication after o single oral lethal dose
consisted of central nervous system depression. ataxia, labored respiration. and death.
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83  Short-Term Exposure Studies
8.3.1 Three-Day Gavage Study In Female B6C3E; Mice

Eight female B6C3F, mice per dose were given methyl t-butyl ether (> 99.95% purity i1y Com
oil) by gavage at 0 or 1,800 mg/kg-day for three days (Moser et al., 1996). Food andd water were
available ad libingn. Fighteen hours after the last dose, the mice were sacrificed and hepatocytes
were isolated for measurement of hepatocyte profiferation in virro, expressed as the amount of 5-
bromo-2"-deoxvuridine incorporation into hepatocyte nuclet. The hepatic labeling index was
calculated by dividing the number of labeled nuclei by the total number of nuelei and
multiplying by 100. Body weight and absolute and relative liver weights were also measured.
Body and liver weights were not affected by treatment, but methy! t-butyl ether induced
statistical increase in the hepatocyte labeling index of 6.5% compared w 2.5% in controls.

£.3.2 Fourteen-Day Gavage Study In Male And Female Sprague-Dawley Rats

Ten Sprague-Dawley rats per sex and dose were administered 0. 357, 714, LO7E or 1428
mg/kg-day methyl t-butyl ether {99.93% purity in corn oil} by gavage for 14 days (Robinson et
al., 1990). The high dose was selected because it was 37% of the LDs. Rats were housed
separately by sex and food and water were available ad libinan. Mortality and clinical signs
were monitored daily. Food and water consumption were measured throughowt the study at
unspecified intervals, Body weight was measured on Days 0, 4, 6, and 14. Hematology
parameters and clinical chemistry were conducted on all rats at study termination. Hematology
included hematocrit, hemoglobin, mean corpuscular  volume, erythrocytes, leukocytes,
differential Jeukocytes. and reticulocytes. Clinical chemistry included glucose, blood urea
nitrogen, creatinine, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase.
cholesterol. calcium, and phosphorus. Brain. tiver, spleen, lung, thymus. kidney, adrenal. heart,
ovary, and testes weights were measured at study termination, and relative organ-to- body-
weight ratios were calculated, Gross necropsies were conducted on all rats at study termination.
Histological examinations were conducted on all control and high-dose rats at stady termination,
and included unspecified “major organs™. I target histopathological organs were identified.
these organs were also examined histologicalty in the remaining dose groups.

At 357 mg/ke-day, two males died. but the deaths were attributed to the gavage treatment,
Diarthea was observed in treated rats. Mean creatinine was statistically increased by 16% in
males compared to controls.  Mean absolute (153%) and relative (16%) fung weights were
statistically lower in females compared to controls.

At 714 mg/kg-day, diarvhea and statistically reduced food intake (unspecified magnitude} were
observed in males compared o controls. Mean hermoglobin (6% ). hematoorit (4%}, differential
lymphocyies (6%). and creatimine {16%) were statistically increased in males compared to
comtrols.  Mean slanme aminotransferase (21%) and cholesterol (22%) were statistically
increased and mean serum calcinm (6% was statistically decreased in females compared o
controls. Mean absolute (119 and relative (11%3 lung weights were statistically lower in
females compared to controls. Mean absolule (12%) and relanve (9% hang weights were
statistically fower in males compured to conirols,
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At 1,071 mg/kg-day, diarrhea was observed in treated rats. Mean erythrocyies (6%), hemoglobin
(6%, aspartate aminotransferase (43%3. and lactate dehydrogenase {78%) were statistically
increased, and mean differential monocvles (33%) were statisticaily decreased in males
compared to controls, Mean cholesterol {34%) was statistically increased in femaies compared
to controls. Mean absolute {149 and relative {11%) lung weights were statistically lower in
females compared o controls,

At 1,428 ma/kg-day, two males and two females died, but the deaths were attributed 1o gavage.
Diarrhea and profound but transient (< two hours) anesthesia were observed after dosing in maie
and female rats.  Statisticaily reduced food intake {unspecified magnitude) was observed n
females compared to controls.  Statistically reduced mean terminal body weight of 0% was
observed in females compared to controls. Mean ervthrocytes {7%), blood urea nirogen (14%),
aspartate aminotransferase {38%]), cholesterol (37%). and lactate dehydrogenase (63%) were
statistically increased, and mean differential monocytes (33%) were statistically decreased in
males compared to controls. Mean glucose (15%) was statistically increased and mean blood
urea nitrogen {27%) and creatinine (20%) were statistically decreased in females compared 0
controls.  Mean absolute (22%) and relative (15%) lung weights were statistically lower in
females compared to controls. Mean absolue spleen (18%) and mean absolute (20%) and
relative thymus (27%) weights were statistically lower in females compared to controls. Mean
relative kidney {8%) and brain (9% weights were statistically higher in females compared w
conirols. The incidence of hyaline droplet nephropathy in the renal tubules was “moderately”
increased in dosed male rais, but no further demils were provided, with the exception that
increased hyaline droplets within the cytoplasm of proximal tubular epithelial cells were noted in
778 (%8%) high-dose males compared with 2/5 (40%) Controls.

8.3.3 Fourteen-Day Gavage Studies In Male Sprague-Dawley Rats

In a ld-day gavage study. de Peyster at al. (2003) examined whether methy! -butyt ether
exposure could induce hepatic peroxisome proliferation. since other chemicals that cause Levdig
cell tumors in rats were also shown to induce peroxisome proliferation.  Six male Sprague-
Dawley rats per dose were administered methy! t-buty! ether (> 99.8% purity in cors o} via
gavage at 0 or 800 mg/ke-day via gavage for 14 days. Positive control rats were administered
gemfibrozil via the diet. Hepatic peroxisomes were isolaied from liver sections and processed
for peroxisomal B-oxidation and examined with an electron microscope.  Terminal blood
samples were collected for measurement of cholesterol, triglyceride, alunme aminotransferase,
and aspartate aminotransferease. Liver weights were measured. and relative iver-to-body-
weight ratios were calculated.  According to the study auathors. there were no statistical
differences between treated and vehicle control rats, but not ali of the data were provided. 1t
should be noted that although the methodology stated that methyi tbutyl ether doses of 200
mufkg-day were administered. the results section indicated that methy! t-butyl ether doses were
1,000 mg/kg-day.

Ten male Sprague-Duwley rats per dose were administered methyl tbuiy ether (> 99.8% purity
in corn oil} via gavage at G or 1200 mg/kg-day for 14 days (de Peyster et al.. 2003). This dose
was determined in previous experiments to lower circulating testosterone levels without affecting
body weight.  Liver. testes. accessory sex organs (unspecified). and brain weights were
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measured. Towl protein content and P450 content in hepatic microsomes was determined. and
hepatic microsomal aromatase activity was measured.

In rats treated with 1,200 mg/kg-day methyl e-busyl ether, 3 statistical increase i mean relative
liver weight of 15% was observed compared to contiols. Although hepatic Pa50 content was

comparable to controls, hepatic microsomal aromatase activity was decreased by 36% compared
o controls.

8.3.4 Fifteen-Day Gavage Study In Male Sprague-Dawiey Rats

Fifteen male Sprague-Dawley rats per dose were administered 0 or 1,500 myg/ke-day methyl t-
butyl ether (> 99.9% purity in corn oif} via gavage for 15 days {Williams and Borghoff. 2000:
Williams et al., 2000). At swdy termination, the rats were sacrificed, body. adrenal, kidney.
epididymides, testes, prostate. pituitary gland. seminal vesicle, and Hver weights were
determined, and histopathological examination of the liver, Kidneys. testes. and adrenals was
conducted.

There were no treatment-related deaths. Deaths atributed to gavage, which were confirmed at
necropsy, were primarily limited to the high-dose rats. Seatistically increased mean absofute and
relative adrenal weights of 15% and 17%, respectively, were observed at 1,500 mg/kg-day
compared 10 controls. Minimal-to-moderate centritobular hypertrophy was observed in 8/12
treated rats, but not in controls. The hypertrophy was characterized as increased size and
cytoplasmic eosinophilia of hepatocytes that were oriented around central veins, which at gmes
extended into the midzonal region of the lobule. The severity was dose-related and ranged from
minimal to moderate. and the authors suggested that the effect was similar 1 that observed with
phenobarbital administration, Protein droplet nephropathy of the kidney was observed in 1 1/12
treated rats and 1/15 controls.

8.3.5 Three-Week Gavage Study In CD-1 Mice

CD-1 mice were administered methy! -bueyl ether via eavage five days per week for three weeks
(Ward et al., 1994). This study was not available. but OEHHA (1999) and ATSDR (1996)
indicated that no effects on body weight or unspecified reproductive parameters were chserved at
doses up 10 1,000 mg/kg, and thus identified the NOAEL as 1.000 mg/kg (or 714 my/kg-day).

8.4  Long-Term and Chronic Exposure Studies

Subchronic gavage exposures 1o methyl -butyl cther were associated with increased mean
absolute and relative kidney weights in male rats accompanied by hyaline droplet formation in
the renal proximal tubules. In muale and female rais adminisicred methyl t-butyl ether at 2100
my/kg-day via gavage for 90 days, statistically increased mean blood urea nitrogen levels inof at
least 13% compared to controls were observed. Chronic gavage cxposwe W methyl t-butyl ether
was associated with an inerease i Leydig cell tumors i male rats and feukemias/lymphomas
teombined) in female ras.
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8.4.1 Subchronic Studies

3.4.1.1 Four-Week Studies In Sprague-Dawley Rats

Ten Sprague-Dawley rats per sex and dose were administered methyi t-butyl ether {unspecified
purity unspecified in water vehicle) via gavage at 0, 90, &4, or £ 750 mg/ikg for five days per
week for four weeks (Johmson et al., 1992: Klan et al., 1992). These doses were approximately
equivatent to 0, 64, 314, or 1.250 mg/kg-day. Rats were housed individually, and food and water
were available ad libinm. Mortality and clinical signs were monitored daily. Body weights
were measured weekly. Hematology and chnical chemistry were conducted on all rats at study
termination. Hematology included erythrocytes. platelets, leukocytes, differential leakocyies.
hemoglobin, hematoerit, mean corpuscular hemoglobin. mean corpuscadar volume, globulin, and
albumin/globulin ratio.  Clinical chemistry  inciuded  ghucose, creatine  kinase, alanine
aminotransferase, aspartate aminotransferase, alkaline phosphatase. blood urea nitrogen.
creatinine, sodium, pottasium. calcium. chioride, total protein and bitirubin, atbumin. chelesterol
and triglycerides.  Adrenal, brain. ovary. testes, heart. kidney, Hver, and spleen weights were
measured, and relative organ-to-body-weight ratios were calculated. Gross necropsies were
performed on all rats at study termination. Histological examinations were concucted on all
controf and high-dose rats at study termination. and included the adrenals, aorta, brain, cecuny,
colon, duodenum, epididymides, esophagus, eye, heart, ileum, jejunum. Kidneys, liver. lung,
mammary glands, muscle, nerve, ovaries, pancreas. pituitary. prostate, rectum. salivary gland,
seminal vesicle, skin, spleen, stomach, testes, thymus, thyroid/parathyroid, trachea, urinary
bladder, and aterus. If effects were noted, the same organs were examined in the lower doses as
well,

No non-gavage-related deaths occwred at any dose. At 64 myp/kg-day. transitory (<one hour
after dosing} salivation was observed in several rats. Mean corpuscular hemoglobin was
statistically increased in females by 4% compared to controls. Mean alkaline phosphatase was
statistically increased in males by 15% compared to controls, Mean relative Kidney weights were
increased in females by 6% compared to controls.

At 314 mg/ke-day. transitory (<one hour after dosing) salivation wis observed in all rats, and
hypoactivity and/or atasia was observed in several rats. Mean erythrocytes were stafistically
increased in mates by 6% compared to controls, Mean relative Kidney weights were statistically
increased in males by 8% compared to controls.  Hyaline droplet formation in the proximal
coavoluted tubules was observed inn 7/10 males.

At 1,250 mefkg-day. transitory (<one hour after dosing) salivation was abserved in alfl rats, and
hypoactivity and/or ataxia was observed in several rats. Mean corpuscular hemoglobin was
statistically increased in females by 3% compared to controls.  Mean total protein was
statistically increased by 8% in females compared 1o conrols, and cholesterol was statistically
increased in males by 209 and females by 26% compared 1o controls. Mean relative kidney
weighrs were increased in males by 139 and females by 7% compared © controls. Mean
relative fiver weights were increased in males by 8% and females by 12% compared to contrals.
Mean refative adrenal weights were increased in males by 19% compared 1 controls. Hyaline
droplet formation in the proximal convoluted tubules was observed m 9/ 1) males, Various
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effects in the stomach, including submucosal edema, subacute inflammation. epithelial
hyperplasia, and ulceration were observed in up o 4/7 males and 3710 females. The effects were
ely

targely confined to the foresiomach.

The study awthors concluded that the hyaline droplet formation in the proximal tebules ia males
was attributable to o-2u-globulin nephropathy, which was not relevant to humans. Farther, the
stomach lesions were atiributable to local irritation, which was not considered  direct result of
systemic foxicity.

Fifteen male Sprague-Dawley rats per dose were administered 0. 250, 500, 1.000. or 1300
meg/kg-day methy! t-butyl ether (> 99.9% purity in corn oil) via gavage for 28 days (Williams
and Borghoff. 2000; Williams et al., 20005, At study termination, the rats were sacrificed. body.
adrenal, kidney, epididymides, testes, prostate, pituitary gland. semningl vesicle, and liver weights
were determined. and histopathological examination of the liver, kidneys. testes. and adrenals
was conducted.

There were no treatment-related deaths. Deaths attributed to gavage, which were confirmed at
necropsy, were primarily limited to the high-dose rats. At 230 mgfkg-day. statistically increased
mean relative kidney weights of 10% were observed compared to controls. Minimal-to-moderate
centrilobular hypertrophy was observed in 1/15 treated rats. but not in conirols. The hypertrophy
was characterized as increased size and cytoplasmic eosinophilia of hepatocytes that were
oriented around central veins, which at times extended into the midzonal region of the lobule.
The severity was dose-related and ranged from minimal to moderate, and the authors suggested
that the effect was similar to that observed with phenobarbital administration. Protein droplet
nephropathy of the kidney was observed in 12/15 treated rats, but not in controls,

At 500 mg/kg-day, statistically increased mean relative kidney weights of 9% were observed
compared o controls. Minimal-to-moderate ceatrilobular hypertrophy was observed in 10713
treated rats. but not in controls. Protein droplet nephropathy of the kidney was observed in 13/15
treated rats, but not in controls.

At 1,000 mg/kg-day. statistically increased mean absolute and relative kidney weights of 0%
and 16%, respectively, were observed compared to controls. Statistically increased mean relative
tiver weights of 10% were observed compared to controls. The increased relative liver weight
was accompanied hy minimal-to-mederate centrifobular hypertrophy in 11713 treated rats, but
not in contsols. Protein droplet aephropathy of the kidney was observed n 12/13 treated rats. but
not in controls,

AL 1,500 mgfkg-day. mean body weight was reduced by 12% compared to controfs. Statistically
imcreased mean relative kidney weights of 18% were observed compared © conirols, Statistically
inereased mean relative liver weights of 14% were observed compared 1o controls. Statistically
increased mean relative testes weights of 13% were observed compared o controls. The
increased relative liver weight was accompanied by minimal-to-moderate  centrilobular
hypertrophy in 11/11 treated rats. bt not in controls, Inereased mean relative kidoey weights,
accompanied by protein droplet nephropathy of the Kidney, were observed in T/ reated rats,
hust not in controls.
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8.4.1.2 Thirteen-Week Or Longer Studies in Sprague-Dawley Rats

Ten Sprague-Dawley rats per sex and dose were adiministered methyl t-butyl ether (> 99.93%
purity in corn oil) via gavage at {1, 100, 300, 900, or 1.200 meg/kg-day for 90 days (Robinson et
al., 1990), Rats were housed separately by sex and food, and water was avalable ad libinum.
Mortality and chnical signs were monitored daily.  Food conswmption was measured once a
7 week and water consumption wus measured three times a week. Body weight was measured
§  twice a week. Hematology and clinical chemistry were conducted on all rats at study
9 rermination.  Hematology included hematocrit, hemoglobin, mean corpuseufar volume,
10 erythrocytes, lenkocytes, differential leukocytes, and reticuloeytes. Clinical chemistry included
11 glucose, blood urea nitrogen, creatinine, aspartate aminotranslerase, alanine aminotransferase.
12 lactate dehydrogenase, cholesterol, calcium, and phosphorus, Brain. liver, spleen, lung. thymus,
13 kidney, adrenal, heart, ovary. and testes weights were measured at sty termination, and retative
i
1
!
}

oot da s b

4 organ-to-body-weight ratios were calculated.  Gross necropsies were conducied on all rats at
5 study termination. Histological examinations were conducted on all control and high-dose rats at
6  study termination. and included unspecified “major organs”. If wrget histopathological organs
7 were identified, these organs were also examined histologically in the remaining dose groups.

19 This study was not designed to meet current U.S, EPA (2007b) Health Effects Testing
70 Guidelines, since hematology did not include a measure of clotting potential, and clinical
21 chemistry did not inchude albumin, alkatine phosphatase, gamma elutamy! transferase, globulin,
22 sorbitol dehydrogenase. bilirubin, protein, or serum chloride. magnesium. potassium, or sedium,
23 Further, urinalysis was not conducted, and organs examined histologically were specified only as
24 including “major oreans”,

26 At 100 mg/kg-day, one maie died. but the cause of death was not specitied. Diarrhea was
27 observed in male and female rats. Water consumiption (unspecified magnitude) was statistically
28 increased in females compared to controls. A statistical decrease in biood urea nitrogen was
29 observed in males (15%) and females (20%}).

30

31 At 300 mgkg-day, one female died. but the cause of death was not specified. Diarrhea was
37 observed in male and female rats. A statistical decrease in blood urea nitrogen was observed in
33 males (20%) and females (33%) A statistical decrease in glucose (17%%) and lactate
34 dehydrogensse (62%) and an increase in cholesterol (11%) were observed in females. A
3% otatistical decrease in creatinine {15%) and an increase in aspartate aminotransferase (34%) were
36 observed in males. Mean absolute (4%) and relative (4%) brain weights were statistically
37 increased in males compared o controls. Mean relative kidney weights {10%) were statistically
3% increased in females compared to controls.
39
40 AL 900 myke-day, two females and one male died. but the cawse of death was not specified.
4 Diarthea was observed in male and female rats. Pood consumption Lunspecified magniude) was
42 statisticaily increased in females compared (o controls. A statistical decrease in blood urea
3 pittogen was observed in males (18%) and ferales {33%) A statistical decrease i mean

44 glucose (13%) and lactate dehvdrogenase (16%; and an increase i cholesterol 131%) were
45 observed in females compared to controls, A statistical decrease in mean creatinine (26%) and an
46 increase in cholesterol (22%




S wd TPLA e tad P o 0D 00wl SN LA e L) B e

Lak

L Cpd
[ O

L
A

Lak
A

Lad Lok
s gl

Lol
o

& 2008 NSF Confidentin! Praft — Do Not Copy, Cite, or Quioe methyl t-butyl ether- H2/08

1o controls. Mean absolute (149 and refative (15%) kidney weights were statistically increased
in males compared 1o controls. Mean relative liver weights (13%) were statistically increased in
males compared to controls. Mean relative heart (1151, liver (12%), kidney {13%), and thymus
(33%) weights were statistically increased in femates compared to controls.

At 1.200 my/kg-day. four females and one male died, but the cause of death was not specified.
Diarrhea and a profound but transient (<two hours) anesthetic effect were observed in male and
fernale rats.  Water consumption (unspecified magnitude) was statistically increased i males
and females compared to controls. A statistical decrease in blood urea nitrogen was observed in
mates (18%) and females (17%). A statistical decrease in mean slucose (244} and lactate
dehydrogenase (16%) and an increase in cholesterol (20%) were observed in females compared
to conols. A statistical decrease in mean creatinine (19%) and an increase in aspartate
aminotransferase (33%) were observed in males compared to controls.  Terminal mean body
weight was statistically reduced by 9% in males compared 1o controls. Mean absolute (18%) and
relative (21%) kidney weights and mean absolute {9%) and refative (13%) lung weights were
statisticaily increased in male rats compared to controls. Mean relative liver welghts (12%;3 in
males and kidney (12%} and adrenal (25%) weights in ferates were statistically increased 10
male rats compared to controls. According to the authors, microscopic findings included chronic
nephropathy in both control and high-dose male rats. These changes. such as renal tubular
degeneration, were more severe in treated rats than control rats. Renal tubules plugged with
granular casts were found in 5/10 high-dose males. and 10/10 males exhibited stight increases in
cytoplasmic hyaline dropiets in proximal tubular epithelial cells. No further details regarding the
renal changes were provided.

Ten male Sprague-Dawley rats per dose were administered 0. 200, 600, and [.000 mg/keg methyl
t-buty! ether (98.8% purity in soybean oii) by gavage for five davs per week for 90 days (Zhou
and Ye. 1999), These doses were eauivalent to 0, 143, 428, or 837 mg/kg-day. respectively.
Body weight and food and water consumption were measured weekly. Clinical chemistry was
conducted at  study termination and included  aspartate  aminotransferase, alanine
aminotransferase, lactate dehydrogenase, wtal protein. albumin, glebulin, atbumin/globulin ratio,
blood urea nitrogen. and creatinine. Liver, kidney, testes, and lung weights were measured at
study termination. Gross necropsies and histopathological examinations were conducted at study
termination. and included the liver, kidney. testes, and lung. Liver sections were also examined
urler an electron microscope.

This study was not designed to meet current U.S. EPA (2007b) Health f:ffects Testing
Guidelines, since only males were evaluated, hematology was not conducted. and clinical
chemistry did not include alkaline phosphatase, gamma glutamyl transferase, ghiwose. sorbitol
dehydrogenase. total bilirubin, total cholesterol. or serum electrolytes. Further, wrinalysis was not
conducted: spleen. heart. ovary, and brain weights were not measured: and histopathology
included oaly the liver. kidney, testes, and lung,

At 143 mg/kg-day. mean absolute and relative liver weights were statistically increased by 12%
and 147, respectively, compared to controls. Lactate dehydrogenase was statistically decreased

1320 at the tow. bul not mid or high doses compared 0 controls. Aspartate aminotransferase
was statistically inereased by 31% compared to controls, but within historical control ranges.
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Histopathological examination in weated rats was comparable (o controls. Electron microscopy
of the liver revealed nuclear condensation, far droplets, lysosome appearance in ceils, and
smooth endoplasmic reticulum disintegration, but the magnitude and pumber of animals affected
was not specified.  The study authors did. however, indicate that more severe changes were
observed at higher doses.

At 428 mg/kg-day, mean absolute and refative liver weights were statistically increased by 18%
and 15%, respectively, compared to controls. Mean refative kidney weight was statistically
increased by 6% compared to controls. but no accompanying renal pathology was observed.
Aspartate aminotransferase was statistically increased by 29% compared 1o controls, but within
historical controt ranges, Histopathological examination in treated rats was compuarable 1©
controls. Electron microscopy of the liver reveated nuclear condensation, fat droplets, fysosome
appearance in cells, and smooth endoplasmic reticulum disintegration, but the magnitude and
number of animals affected was not specified. However. the study authors indicated that more
severe changes were observed at higher doses.

At 857 me/kg-day. mean absolute and relative liver weights were statistically increased by 21%
and 22%, respectively. compared to controis. Mean absolute and relative kidney weights were
statistically increased by 12% and [3%. respectively, compared to controls, but 1o
accompanying renal pathology was observed.  Aspartate aminotransferase was statistically
increased by 27% compared to controls, but within historical control ranges. Histopathotogical
examination in treated rats was comparazble to controls. Electron microscopy of the liver
revealed nuclear condensation, fat droplets, lysosome appearance in cells, and smooth
endoplasmic reticulum disintegration, but the magnitude and pumber of animals affected was not
specified.  However. the study authors indicated that more severe changes were observed at
higher doses.

8.4.2 Chronic Studies

Sixty Sprague-Dawley rats per sex and dose were administered 0. 250, or 1.000 my/ke methyl -
butyl ether {> 99% purity in extra virgin olive oil) by gavage four times a week for [(4 weeks on
a weekly schedule of two days dosing, one day without dosing, two days dosing. and two days
without dosing (Belpoggi et al., 1995; 1997). These doses were approximately equivalent to
daily doses of 0, 143, or 571 mg/kg-day. The animals were housed five per cage and kept under
shservation untit natural death. Food and water were available ad libingm. Mortality and clinical
signs were monitored daily. Food and waler consumption and body weight were measured
weekly for the first 13 weeks and twice monthly thereafter until 112 weeks. Thereafter. body
weights were measured every eight weeks until death, Gross necropsies were performed on all
rats after natural death. Histopathological examinations, which were performed on ail rats after
natural death, included the aorta. adrenals, bose, bone marrow. brain. bronchi. cecum, cofon.,
diaphragm. duodenum. csephagus, eve. Harderian gland. heart, teum. jejunum, kidneys, Tiver,
fung, lymph nodes {mediastinal, subcutaneous. mesenteric). mammary glands, muscles. nerve,
avaries, pancreas. pharvnx. farymx, pituilary, prostate. salivary sland, seminal vesicle
subeutaneous tissue. skin, subortaneous fssue. spinal cord. spleen, stomach. wesies, thymus,
thyroid/parathyroid. tongue. trachea, urinary bladder. werus. Zymbal gland. and gross lesions,

f
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This study was not designed to meet current US. EPA (2007b) Health Effects Testing
Guidelines, since the dosing occurred on a four-day per week schedule, with two days dosing.
one day without dosing. two days dosing, and two days without dosing. Further, smce o results
for hematology, clinical chemistry, urinalysis, or organ weights were reported. it was presumed
that these parameters were not examined. Histology did not include the  aorta. bone, bone
marrow. cve, mammary glands, muscles. nerve, seminal vesicle. or spinal cord. The wmor
incidences reported in this study were reviewed by Belpoggi et al, (1998) after a re-evaluation of
the histopathology stides.

Af the low dose. survival at the end of the treatment period (104 weeks) was 35% in treated
females compared to 48% in controls. Survivai at the end of the treatment period (104 weeks}
was 30% in low-dose males compared © 30% in controls. There was a statistical increase in
fymiphomas and leukemias combined {7/51) in female rats compared to comrols (2/58). The
individual incidence of lvmphomas or leukemias was not indicated. The lymphatic mors were
accompanied by an increase in dysplastic proliferation of lymphoreticular tissue, which was
characterized as hyperplastic lymphoid tissues at various sites, in which atypical lymphoid cells,
usually lymphoimmunoblasts. isolated andfor aggregated in small clusters, were observed. An
creased incidence of uterine sarcomas was observed in low-dose females. but aot high-dose
females. compared 1o controls.

At the high-dose, survival at the end of the treatment period (104 weeks) was 28% in treated
females compared to 48% in controls. Survival at the end of the treatment period (104 weeks)
was 42% in high-dose males compared to 30% m controls, There was a statistical increase in the
incidence of testicular Leydig cell (interstitial cell) tumors in male rats compared to controbs. The
incidenice was 3/26. 3/25, and | 1/32 in control, low-. and high-dose males (based on the number
of rats surviving at the occurrence of the first Leydig tumor, which was a6 weeks). In female
rats. there was a dose-related statistical increase in lymphomas and leukemias combined (12/47)
compared to controls (2/58). and an increase in dyspiastic proliferation of lymphoreticular tissue.
The stady authors reported that the range of the lymphatic tumors in females in this study was
within the historical control incidence for these tumors in female Sprague-Dawley rats from
studies in their laboratory (below 10%),

The study authors reported that “no treatment-related non-oncological pathological changes were
detected by gross inspection and histofogical examination”, but the data were not provided,

8.5  Studies of Genotoxicity and Related End-Points

The genotoxicity data for methyl t-butyl ether have been critically reviewed by ECB {2002),
OEHHA (1999, IPCS (1998, FCETOC (1997). and ATSDR {1996), The weight of evidence
suggests that methyl butyl ether has some genotoxic potential. Methyl t-buty! ether has been
fested in mutagenicity, chromosomal aberration, micronucleus, sister chromatid exchange. DINA
damage and repair, and DNA swrand break assays. Methyl t-butyl ether was not mutagenic m
soveral Salmonefla reverse mutation assavs. although one assuy was positive in TATOZ. Methyl
i-huiyl ether was also positive in @ mouse vmphoma cell forward mutation assay. possibly due o
the metabolism of methyi t-butyl ether to formaldehyde. Methyl -butyl ether was negative i fa
vive and iz vitre chromosomal aberration assavs, but eguivocal results were observed in a sister
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chromatid exchange assay in virro. Methyl t-buryt ether was negative in in vivo and in vifro
mouse micronuctens assays and unscheduled DNA synthesis assays. and an /n vive DNA repair
assay. although methy! t-butyl ether was positive in a DNA strand break assay in rat lymphocytes
in vive and human tymphocytes in vitro. DNA adduct fonmation was observed i e given o

= dose of mathyl bty ether,

sitrgle ga

8.5.1 Mutagenicity Assays

Methyl t-butyl ether was not mutagenic in Safmonella reverse mutation ass and tissue culiire
mutation assays, and was negative in a Drosophila sex-linked recessive assay (OEHHA, 19993,
Methyl t-butyl ether was positive in one Safmonella reverse mutation assay in strain TA102 and
negative in eight other Salmonelta reverse mutation assays. two of which included TALG
(ECB, 2002). In a study by Witliams-Hill et al. (1999). methyl t-butyt ether (99.9% purity) was
weakly and moderately positive in TA102 without and with metabolic activation, respectively.
Addition of formaldehyde dehydrogenase reduced the mutagenic potential, suggesting that the
formaldehyde metabolite was partially responsible for the positive result. A well-conducted
study by McGregor et al. (2003) failed to replicate the positive result for methyl t-butyl ether in
Salmonella TA102,

According to ECB (2002), methyi t-buryl ether was evaluated in an in vitro forward mutation
assay in mouse L3178Y TK+/- lymphocytes at concentrations of .39 t© 625 pl/ml with and
without metabolic activation with the liver SO fraction from Fisher-344 rats {ARCO, 198(:
Mackerer et al., 1996). After a two- to three-day recovery and expression period, lymphocytes
were plated and incubated with methyl t-butyl ether (Y6% or 99% purity) for 10 days. The totad
number of resistant colonies was counted. and the ratio to cetls growing in non-selective medium
was determined and characterized as the mutant frequency. Five parallel assays were conducted.
Methyl t-butyl ether showed a statistically and dose-dependently increased mutation frequency in
the presence of metabolic activation when compared to controls.  Mackerer et al. (1996 then
investigated the possibie role of formaldehyde in the mutagenic events. The authors exposed
mouse lymphoma cells to concentrations of methyl t-buty! ether from 1 to 4 ul/ml for three hours
and added formaldehyde dehvdrogenase with its co-factor NAD+, both of which convert
formaldehyde to non-mutagenic formic acid, thereby eliminating possible mutagenicity resulting
from formaldehyde. The results showed that the mutation frequency did not increase when
formaldehyde dehydrogenase and its coenzyme were present. while there was a five-fold
increase in its absence.

ECB (2002) reported that methyl t-butyl ether was evaluated in two separate studies for the
ability to induce mutations at the hypoxanihine-guanine phosphoribosyl transferase focus in
Chinese hamster V79 cells with and without metabolic activation. In the studies by Life Scieace
Research (19%89) and Cinelli et al. (19925 no statistical increase in mndation frequency was
observed compared to controls.

8.5.2  Assays of Chremosomal Damage

Methy! thutyl ether was negative in i wivo and /i vire Chromosomal aberration assays (ECB,

26012 OFHHA, 1999, and in an in virro sister chromatid exchange assay (OEHHA, 19993 ECB
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(20023 considered the results from the in vitro sister chromatid exchange assay (o be equivocal,
since there was a significant increase of sister chromatid exchange frequency in one of the 1wo
rephicates at lul/mi methy! -butyl ether (99% purity). However, because there was only a small
increase of sister chromatid exchange induction with the positive control. the test was repeated.
and repeat tests failed to coafirm the positive result (Litton Bionetics, 1980). Further, 2
concurrent assay using methyl t-butyl ether of 95% purity failed to demonstrated a statistical
increase in sister chromatid exchange frequency compared to controls,

8.5.3  Other Assays of Genetic Damage

Methy!l t-butyl ether was negative in i vive und in vitro mouse micronueleus assays {ECB. 2002;
OEHHA. 1999%, in vive and in vitro omscheduled DNA svothesis assays. and an in vive DNA
repair assay (OEHHA. 19949},

BCB (2002) reported that methy! t-butyl ether was positive in one and negative m iwo
unscheduled DNA synthesis assays in primary rat hepatocytes and in virro, In the positive study.
methy! -butyl ether was evaluated for unscheduled DNA synthesis in primary rat hepatocytes
isolated from two male Sprague-Dawley rats (Zhou et al.. 2000). Hepatocvtes were incubated
with 80, 200, 600 or 1,000 ug/ml methy! t-butyl ether (98.8% in dimethylsulfoxide) and 5 pCimbL
[*H]-methyithymidine for three hours at 37°C. Radieactivity was measured with a liquid
scintillation spectrometer. Concurrent negative, vehicle (dimethylsulfoxide) and positive controls
(mechlorethamine) were included. At 0, 0.2, 0.6 or | mg/mL, the radioactivity (counts per
migute) was 712, 777, 1311, and 1,437 CPM, respectively. The highest dose was statistically
significant when compared to vehicle controls,

Methyl t-butyl ether was evaluated in the single cell gel electrophoresis assay (comet assay) in
vitro for the ability to induce DNA strand breaks in human lymphocytes (Chen et al., 2007), The
assay was conducted under neutral and atkatine pH conditions. Lymphocytes isolated from the
blood of one healthy female donor were incubated with methyl -buty] ether (unspecified purity
in dimethylsutfoxide) at 0. 0.05, 0.1, or 0.2 mM for one howr. After cell viability was determined
to be >95%, one hundred comets on each of triplicae slides were scored visually according to
the refative intensity of the tail. An intensity score from class U (undamaged) to class 4 {severely
damaged) was assigned to each ceil. Thus. the total score for the 100 comets could range from 0
1o 400. The extent of DNA damuage was analyzed and scored by the same experienced person.
Sofvent and positive controls were included. The mean DNA damage score was statistically
increased at all doses compared o controds (18%. 24%. and 26%. respectively, under atkaline
conditions and 47%, 65%. and 78%, respectively. under neutral conditions).

Methy! tbutyl ether was evaluated in the alkaline single cell gel electrophoresis assay {comiet
assay) in vive for the ability to induce DNA strand breaks in rat lymphocytes (Lee et al.. PU9S.
Nine male Spragne-Dawley rats per dose were administered methyl t-butyl ether via gavage at O
40, 400, or 800 mg/ke for 28 davs. Lymphocyies isclated from trunk blood were analyzed for
DNA strand breaks amd scored for apoptosis frequency.  Cwtomoxicity {or viabiliy) was
determined by the trypan blue exclusion method. Viability was greater than 90% in all groups.
Measures of DNA-strand breakage. such as ridl length and wil moment, were signilicantly
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increased at 800 mg/kg compared to controls,  As this publication was an abstract. and a full
publication was not identitied, no further details were available.

The potential DNA adduot it

methyl byt ether (U5 purliyy st up 1o L9 my/

al., 2005 via gavage. DNA was oxtructed s }

Rinding motety in Hver, while the prethyl group and e i

3 ipomave corparable
contributions to adduct formation By fung end Kidney (Yuan et sl 2875

Tavicoli et al. (2002} investigated the ability of methyl -butyl ether w induce cytotoxicity.
transformation, or apoptosis of vat fibroblasts fn wirre. In the cell proliferation and cytoxicity
assay, rat-1 normal rat fibroblasts were incubated with methyl -butyl ether {99.8% purity} at &4
x HY® 1o 8.4 mM for 48 hours. After rinsing, the cultures were then exposed o 3-(d.5-)-
dimethylthiazol-2-¥1)-2,5-diphenyi-tetrazoliom bromide (MTT} for two hours. The amount of
the colored formazan derivative that was formed was measured o determine cytotoxicity. Cell
viability after a two-day incubation was also determined. DNA content was measured using
flow-assisted cell sorting, Cell cycle analysis, to measure apoptosis. was conducied after a 45~
hour exposure to methyl t-butyl ether at the ICs or 1710 of the ICsx (0.84 or 0.084 mM,
respectivelyy. Twenty-four hour cell transformation assays were also conducted in C3H/OT
C1 8 mouse embryo fibroblasts at methy) t-butyl ether concentrations of 0.336 and 0.672 mM,
with cigarette tobacco smoke serving as a positive control, These doses were selected since they
did not cause cell loss after 24 hours. All assays were performed in triplicate.

The 50% inhibitory concentration (ICsy) of methyl t-butyl ether on growth of rat fibroblasts was
determined to be 0.84 mM. Cell viability at the ICs; or 1710 of the ICs (0.84 or 0.084 mM,
respectively) after 24 and 48 hours was statistically and dose- and time-dependently recuced
compared to controls. Methyl Fbutyl ether also caused a dose-dependent reduction in the
number of cells in the G2/M phase of the cell cycle and an increase in the percentage of cells m
the S-phase, indicating increased apoptosis. At 0.336 and 0.672 mM methy! t-butyl ether. a
statistical increase in the number of transformed cell loci in mouse embryo fibroblasts of 2.1 and
2.5 rimes the control respectively, was observed.

8.6  Reproductive and Developmental Toxicity Studies

No in vive oral two-generation reproduction or developmental studies were identified for methyl
t-butyl ether. In an attempt to characterize a possible mode of action for the Leydig cell tumars
ohserved in male rats after chronic gavage dosing, reproductive effects in male rats have recently
been investigated in non-standardized reproduction studies. A single gavage dose of methyl -
buty! ether at approximately 500 mg/kg-day resulted in reduced cireulating testosterong in makc
rats during the hours immediately following dosing. In male rats treated with 1200 mg'ke-day
methyl tbutyl ether for 14 days. decreased mean testosterone and luteinizing hormone atxd
increased estradiol were observed. along with decreased testicular microsomal aromatase
activity, Repeated exposure o 800 my/kg-day methyl Cbutyl ether via gavage in male rats was
associated with statistical reductions in circulating testosterone affer 28 days, High doses (> 50



TR e Ted B e IDOND S0 ] DR LA e L d e

17

fad Ll el 2
LI S

Lok L)
U

¢

Lad
A

© 2008 NSF Confidential Draft - Do Not Copy, Cite, or Quioe methyl t-butyl ether- 02708

mM} of methyl t-butyl ether were also found 1o reduce basal and human Chorionic Gonadotropin
(ECGy-stimulated testosterone production in Leydig cells in vitro,

One- and two-geperation inhalation reproductive studies in rats and four inhalation
developmental studies in rats, mice. and rabbits are available for methyl t-butyl ether. These
studies have been reviewed by ECB (2002), OFEHHA (1999, IPCS (1998). ECETOC (1997,
and ATSDR (1996), Specific reproductive effects were not observed in rafs at concentragions up
10 28,800 mg/m’. Methyl t-butyl ether did not induce developmental effects at conceatrations
bejow those that were maternally tosic, Decreases in uterine weight and increases in estrogen
metabolism in mice have been observed at 28,500 i-zwgfm} (IPCS. 1998,

Since the reproductive and developmental studies for methyl t-buty] ether have been extensively
reviewed by several other regulatory agencies, this section includes only the oral reproductive
and developmental studies for methyl t-butyl ether, including those published since the vagious
regulatory reviews. However, none of the oral studies were standardized two-generation
reproduction or developmental studies.

8.6.1 Reproduction Stodies

No oral one- or two-generation reproduction studies were wdentified for methyl t-butyl ether, bix
effects on the teproductive organs have been investigated following oral exposure to methyl
butyl ether in non-standardized reproduction studies.

Potential testicular toxicity associated with methyl t-butyt ether was assessed in five male CD-1
mice per dose that received gavage doses of methyl t-butyl ether (unspecified purity in canola
oil) on Days 1, 3, and 5 at 0, 400, 1,000 or 2,000 mg/kg (Billiti et al,, 2005). Testosterone levels
were measured on Day 6 fecal samples collected from all mice. Thereafter, mice were mjected
with human chortonic gonadotrophin fo stimulate maximum testosterone production and fecal
samples were collected after one day. Body weight and serum testosterone were measured and
histological examination of the testes was included at study termination. Two high-dose mice
died as a result of desing error. All examined parameters in the treated mice that survived were
comparable and/or not statisticaily ditferent compared w0 controis.

Eight female B6C3F, mice per dose were given methyl t-buty] ether (> 99.953% purity in cormn
oily by gavage at 0 or 1.800 mg/kg-day for three days (Moser et al.. 1996), Food and water were
available ad fibinmn.  Twenty-four hours after the last dose. the mice were sacrificed and
hepatocytes were isolated for measurement of estrogen metabolism in viire, which was
expressed as the amount (nM) of 17-B-estradiol metabolized/ g protein/ minute. Methyl t-
butyl ether induced a two-fold statistical increase in the rate of estrogen metabolism in wirro
compared o controls.

Six i eleven female CD-1 mice per dose were administered methyl 1-buiyl ether via gavage at 0.
600, or 1.500 mg/kg-day for five days cither with or without subcutaneous administration of 1 ug
estradiol on Days 3-5 (Okahara et al., 19983, The authors reported that methyl t-butyt ether had
some mild, but in some cases. seemingly oppesite. activity under these conditions, but no further
details were provided, At 1300 mg/kg-day. defayed vaginal opening by Postaatal Day 16 was
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observed in half of the weated femules. Mean relative uterine weights were statisticaily
increased in the methyl t-butyl ether/estradiol group compared to the estradiot alone controd
group, but the dose level or magnitude was not specified.  According to the authors, no clear or
consistent effect was observed in uterine peroxidase activity or in ovarian. liver, or kidney
weights compared fo controls.  No further details were available in this abstruct. and a full
publication was not located.

Twelve male Sprague-Dawley rats per dose were administered methyt t-butyl ether (> 9% 8%
purity in corn oil) via gavage at 0. 1,000, or 1.500 mg/kg every other day for a total of 14 doses
over 28 days (de Peyster et al,, 2003}, The 1000 mg/kg dose was selected since it was the
highest dose in the Belpoggi et al. {19935) chronic gavage study, and since this dose induced 2
statistical increase in Leydig cell tumors in male rats compared to controls. The 1500 mg/kg
dose was chosen since it was approximately the highest dose from a 90-day gavage study for
methyl t-buty! ether by Robinson et al. (1990). The experiment originally included an untreated
and a vehicle-treated control group, but the results were ultimately combined into one control
group. Due to excess weight loss and one death. the 1.000 and 1.500 mg/kg doses were reduced
to 500 and 750 mg/ke, respectively, starting on Day 13, The terminal doses were approximately
equivalent to 0, 357, or 536 mg/ke-day. This study was conducted to investigate the mechanism
of Leydig celi tumors induced in male rats after chronic gavage exposure 0 methyl t-butyl ether
in a study by Belpoggi et al. (1993}, It has been suggested that increased hepatic metabolism
through P450 enzymes results in increased steroid catabolism, resulting in reduced testosterone
circulation,

Testosterone concentrations were measured on Day 1 and 14 (ail blood) and 28 (cardiac
puncture}. If the serum sample volume was sufficient, terminal corticosterone was also measured
to determine whether the Leydig wmors were induced through an increased stimulation of
testicular glucocorticoid receptors, which can impair testosterone production. Liver. kidney.
testes, seminal vesicles, and cpididymides weights were measured, and mean organ-to-body
weight ratios were calculated.  Total protein and total P450 were measured trom isolated liver
MHCTOSOMES.

At study termination, meun body weight gain was 8, 3, 1, and 0% in the negative control, vehicle
control, 357 mgfkg-day, and 536 mgkg-day groups, respectively, The Day 1 testosterone
concentration in rats administered 337 mg/kg-day methyl t-butyl ether was statistically reduced
by approximately 70% compared to pooled controls {vehicle and negative. n=4 only). The Day
14 and 28 testosterone concenteations in treated rats were not statistically different compared to
controls, At study termination, mean absolute liver weight and total microsomal protein in
treated rats were comparable to controls, but mean liver P450 content {mmol/mg protein and
nmol/g liver weighty was shightly, but statistically. increased in rats administered 337 ma/kg-day
compared to controls. There was a 24% increase in mimol/mg P450 protein and a 35% increase m
nmot P450/g liver weight compared to pooled controls. Mean corticosterone levels on Day 1.
14, and 28 were not statistically different compared to pooled controls. but the sample size was
only about 4-3 rats per dose. The authors concluded that high gavage doses of methyl tbuivl
ether resuit in reduced cireulating testosterone in rats during the howrs immediately following
dosing (4-3 hours). However. the increase in hepatic PA50 content did not result in reduced
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circulating testosterone. as originully hypothesized by the study authors, but the authors could
not rule out other hormonal or metabotic compensatory mechanisms.

Twelve male Sprague-Dawley rats per dose were administered methyl tbutyl ether (> 99 K
purity in corn oil} via gavage at 0, 40, 400. or 800 mg/kg-day for 28 days (de Peyster et ab.. 2003;
Day et al.. 1998). This study was conducted to further investigate the mechanism of Leydig cell
tumors induced in male rats after chronic gavage exposure w methy] t-butyl ether n a study by
Belpoggi et al. (1995), Luteinizing hormone. prolactin. testosterone. and corticosterone
concentrations were measured on Day | and 14 (il blood) and 28 frunky. Liver, pinditary,
testes, epididymides, thyroid, adrenal, prostate, and brain weights were measured, and mean
organ-to-body and brain weight ratios were calculated,

Al 40 mg/kg-day, mean plasma corticosterone was statistically reduced by 28% compared to
controls on Day 14. but the corticosterone was not statistically different from controls at study
termination,

At 400 mg/kg-day, terminal mean body weight was statistically reduced by 7% compared 10
controls. Mean plasma corticosterone was statistically reduced by 42% compared 1o Comrols on
Day 14, but the corticosterone was not statistically different from controls at study termination.
Mean pituitary weight was statistically reduced by 23% compared to controls.

At 800 mg/kg-day, terminal mean body weight was statistically reduced by 13% compared to
controls. Mean plasma corticosterone was statistically reduced by 43% compared to controls on
Day !4. At study termination, mean plasma testosterone was statistically reduced by 35% and
mean plasma corticosterone was statistically reduced by 44% compared to controls. The mean
adrenal-to-body-weight ratio was statistically reduced by 20% compared to controls. The mean
thyroid-to-body-weight ratio was statistically reduced by 29% compared to controls.

Six mate Sprague-Dawley rats per dose were administered methy! t-buty! ether (> 99.8% purity
in corn oily via gavage at 0 or 800 mg/ke-day for five days (de Peyster et al., 2003). This study
was conducted to further investigate the mechanism of Leydig cell tumors induced i male rats
after chronic gavage exposure to methyl t-butyl ether in a study by Belpoggi et al. (1995). The
effect of castration on the hypothalamic-phuitary axis was investigated using testosterone
implants in phosphate buffered satine (PBS) and four experimenial groups of male rats. The four
eroups consisted of sham implant (PBS) and 800 mg/kg-day methyl t-butyl ether Via gavage,
sham implant (PBS} and corn oil vehicle gavage. testosterone implant and 800 mg/kg-day methyl
t-butyl ether via gavage. and testosterone implant and corn oil vehicle gavage. The amount of
testosierone in each mmplant was intended 1o result in average circulating testosterone as in
normal non-castrated rats. Laenizing hormone. proluctin, and testosierone concentrations from
the tail vein were measured four hours after the initial dose (Day 13 and two hours after the final
dose (Dav 53 Terminal prostate and semninal vesicle weights were measured. The experiment
was repeated with a younger set of animals, reportedly  reduce the amount of hody weight
variation, since each testosterone implant comamed a standard amount of testosterone.

In the first experiment. the authors found that circulating estosterone was higher and hutenizing
hormone was ower i rals with testosterone implants compared 1o controls, but the difterences
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were not statistically stgnificant. Since each testosterone implant contained a standard amount of
testosterone, the authors sugeested that the results were confounded by the difference m body
weights between the rats after the 3-day recovery period from the surgical implant, even though
prior o surgery, the rats were of comparable body weights. Thus. the experiment was repeated
with a younger set of animals. but the results of the first experiment could not be duplicated and
may have been confounded by & small sample size, since one control rat gained a large amount
of body weight. Recognizing confounding factors, the authors concluded that there was no clear
evidence of an effect on the hyvpothalamic-pituitary axis in either experiment,

Ten male Sprague-Dawley rats per dose were administered methyl t-buty! ether &> G99 8% purity
in corn oil) via gavage at 0 or 1,200 mg/kg-day for 14 days (de Peyster et ab.. 2003). This dose
was determined in previous experiments to lower circulating testosterone levels without affecting
body weight, Terminal plasma estradiol, luteinizing hormone, and testosterone concentrations
were measured from trunk blood samples. Testes and aceessory sex organs (unspecified)
weights were measured. Total protein content in testicular microsomes was determined, and
testicular microsomal aromatase activity was also measured.

Tn rats treated with 1.200 me/ke-day methyl t-butyl ether, a statistical decrease in mean
testosterone and Iuteinizing hormone of 51% and 10%, respectively, was observed compared to
controls, and a statistical increase in mean estradiol of 26% was observed compared to controis.
Testicular microsomal aromatase activity was decreased by 55% compared 1o controls.

Witliams and Borghotf (2000) and Williams et al. (2000) investigated the hypothesis that methyl
t-butyl ether-induced decrease in serum testosterone levels in male rats may be due in part to the
ability of methy! t-buty] ether to induce the metabolism of endogenous testosterone and, hence,
enhance its clearance. Male Sprague-Dawley rats were administered 0, 250, 500, 1,000, or 1,500
me/kg-day methyl t-butyl ether (> 99.9% purity in corn oil) via gavage for 15 or 28 days. Rats
were sacrificed one hour folfowing the last dose, and serum and interstitial fluid tesiosterone. and
serum dihydrotestosterone, 17-B-estradiol.  prolactin,  triiodothyronine (T35, thyroxin (T4,
thysoid stimulating hormone. follicle stimulating hormone, and hiteinizing hormone levels were
measured. Histopathology of the testes was performed in all rats.

After 18 days at 1,500 mg/kg-day, interstitiat fluid and serum testosterone levels (approximatety
60% each, estimated from graphy and serum prolactin levels (56% ) were statistically decreased
compared to controls,

After 28 days at 1,000 mg/kg-day, serum trijodotiyronine (T3) was sttistically decreased by
19% compared to coutrols.

After 2% days at 1500 mg/kg-day, scrum tritodothyronine (T3 19%). luteinizing hormone
{approximately 20%. estimated from graphl, and diliydrotestosterone (35%) were statistically
decreased compared to conwols,

N testicular lesions were observed at any dose fevel.  The authors concluded that methyl -butyt

ether causes mild perturbations in T3 and profacting bowever, the short-term {15-day. but not
longer-term (28-dayy. decrease in testosterone and the mild increase in luteinizing hormone
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fevels did not fit the pattern caused by known Leydig cell rumorigens. since larger increases in
luteinizing hormone have been caused by chemicals known 1o cause Leydig cell tumors.

Ten CD-1 mice per sex and dose were given 0, 1, 10, 100 or 1,000 mg/kg methyl t-butyl ether
(purity unspecified in corn oil) by gavage for five days per week for three weeks (Ward et al.,
1994, As this study was not available, this summary was based on IPCS {19981, These doses
were approximately equivalent to 0, 0.7. 7, 71, or 7i4 mg/kg-day. At study termination, the
mice were sacrificed and one testis from each male and both ovaries from each female were
sectioned for cytological evaluation. In males, sperm number, Sertoli cells, spermatogonia,
spermatocytes, and capped spermatids were evatuated. In females, oocyte quality was assessed.
There were no effects of methyl t-butyi ether on any of the cell types examined, but no further
details were provided. OEHHA (1999) and ATSDR (1996} indicated that the reproductive
NOAEL for this study was 1.000 mg/kg-day. but no further details were avaitable. It should be
noted that OEHHA (1999) and ATSDR {1996 likely did not adjust for the less than daily dosing
regimen. and likely should have indicated the reproductive NOAEL as 714 mg/kg-day.

The effect of methy! t-butyl ether on the testosterone production of Leydig cells i culture was
examined in virro by de Peyster et al, {2003} Leydig cells were solated from adult male
Sprague-Dawley rats and incubated for three hours with 0. 50, or 100 mM methy! t-butyl ether >
99.8% parity} or t-butanol, a major metabolite of methyl t-butyl ether. The same concentrations
were also tested with human Chorionic Gonadotropin (hCG), added to stimulate testosterone
production. Cell viability at the tested concentrations was at least 85%. Testosterone production
after the three-hour exposure was measured by radioimmunoassay. Aminoglutethimide was used
as a positive control, and the experiment was conducted in friplicate.

A statistical reduction in basal testosterone production of 56% and 76%, compared Lo controls,
was observed at 50 and 100 mM methy! t-butyl ether, respectively. A satistical reduction in
human Chorionic Gonadotropin-stimulated testosterone production of 51% and 60%. compared
to controls, was ohserved at 30 and 100 mM methyl t-butyl ether, respectively,  T-butanol
induced a statistical reduction in basal testosterone production of 72% and 66% at 30 mM and
10 mM compared fo controls, respectively. T-butano! induced a statistical reduction in human
Chorienic Gonadotropin-stimulated testosterone production of 73% and 83% at 50 mM and 100
mM compared to controls, respectively. The positive control, aminoglutethimide (5 mM)
induced a statistical reduction of basal and human Chorionic Gonadotropin-stimulated
testosterone production of 80% and 75% compared to controls. respectively.

In a 14- and 90-day systemic gavage study in Sprague-Dawley rats by Robinson et al. (19905,
effects on ovary weight and histology and testes weight and histology were examined. and no
effects were reported.

8.6.2 Developmental Toxicity Studies

No oral developmental studies were identified for methyl t-butyl ether.
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8.7  Studies of Immunological and Neurological Effects

No standardized immunological or neurological assays were identified for methyl t-butyl ether.
but some immuanological or neurclogical effects have been reported in systemic studies for
methyl ©-butyl ether. Reported immunological effects were limited to reduced circulating
corticosterone levels and thyroid weights in rats after short-term gavage exposures, Reported
neurotogical effects were limited 1o transitory salivation after a single gavage dose of 90 mg/kg-
day and higher and transitory hypoactivity and/or ataxia at higher doses inrats.

8.7.1  Immunclogical Effects

Twelve male Sprague-Dawley rats per dose were administered methyl t-butyl ether (> 99.8%
purity in corn oil) via gavage at 0, 1,000, or 1,500 mg/kg every other day for a total of 14 doses
over 28 days (de Peyster et al.. 2003). Afier an adjustment of doses due Lo excess weight loss,
the terminal doses were approximately equivalent w 0. 337, or 336 mg/kg-day. Terminal
corticosterone was measured on Day |, 14, and 28, Mean corticosterone levels on Day 1, 14,
and 28 were not statisticaily different compared to controls, but the sample size was only about
4-5 rats per dose, due o other analyses concurrently requiring blood volume.

Twelve mate Sprague-Dawley rats per dose were administered methyl t-butyt ether (> 99.3%
purity in corn oil} via gavage at 0. 40, 400, or 800 mg/kg-day for 28 days (de Peyster et al,
20031, Corticosterone concentrations were measured on Day | oand 14 {ril bloed) and 28
(trunk). Thyroid weights were measured. and mean organ-to-body and brain weight ratios were
calculated.

At 40 mg/kg-day, mean plasma corticosterone was statistically reduced by 28% compared w©
controls on Day 14, but the corticosterone was not statistically different from controls at study
termination.

At 400 mg/kg-day, mean plasma corticosterone was statistically reduced by 42% compared ©
controls on Day 14, but the corticosterone was not statistically different from controls at study
termination.

At 800 mg/kg-day. mean plasma corticosterone was statistically reduced by 43% compared (o
controls on Day 14, At study termination. mean plasma corticosterone was statistically reduced
by 44% compared to controts. The mean thyroid-to-body- weight ratic was statistically reduced
by 29% compared o controls.

I a 14-day and 90-day systemic gavage study in Sprague-Dawley rats by Robinson et al. (1990),
effects on spleen and thymus weight and histology were examined. and no effects were reported.
Although some statistical reductions in monocyte differential counts were observed. the effect
wias not dose- or duration-related and did pot ocour in both sexes.

in a 28-day gavage study by Lee et al. (1998, methyl t-buryl ether (unspecified purity in com
oil) was administered to male Sprague-Dawley rats at O, 40, 300, or 800 mg/kg-day via gavage,
At 800 mg/kg-day. high corticosterone levels wete observed. but the magnitude and statistical
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significance were not specified, Limited details were available in this published abstract and a
full publication was not focated.

8.7.2 Neurologieal Effects

In rass, reported neurological effects were Himited to wansitory salivation reported after a single
gavage dose of 90 mg/ke-day and higher and transitory hypoactivity andfor ataxia at higher
doses (Johnson et al., 1992),

Martin et al. (2002 studied the effect of 200 and 400 mM methyl t-butyl ether (unspecified
purity) on binding at the gamma-aminobutyric acid receptor site in cerebral cortex membrane
preparations isolated from male Sprague-Dawley rats. The gamma-aminobutyric acid receptor
was probed using the *H-t-butylbicycloorthobenzoate. which binds to the convulsant recognition
site of the receptor. The experiment was conducted in triphicate.

The 50% inhibitory concentration (1Css) of methyi t-butyl ether and its metabolite. w-butanol. on
the binding of "H-t-butylbicycloorthobenzoate at the gamma-aminobutyric acid(Aj receptor site
was 120 and 69 mM, respectively.  In additional saturation binding assays. 200 and 400 mM
methyl t-butyl ether statistically reduced apparent density of convuisant binding, or By 0 36
and 17% of the comrol value, respectively. The swdy authors suggested that their results
indicate that direct effects on the gamma-aminobutyric acid(A} receptor site by methyi t-butyl
ether or its metabolite t-butanol could explain some of the neurotexicological or neurobehavioral
effects observed after methyl t-buiyt ether exposures in humans and laboratory aninals,

9.0  RISK CHARACTERIZATION

9.1 Hazard Identification

Oral LOAEL and NOAFEL values from the animal studies reviewed are shown in Table 2.
9.1.1 Evaluation of Major Non-Cancer Effects and Mode of Action

9.1.1.1 Major Non-Cancer Effects

The scientific literature for methy! s-butyl ether in humans and laboratory animals has been
reviewed extensively by several national and international regulatory agencies, including the
European Chemicals Bureau (ECB. 20023, Office of Environmental Health Hazard Assessment
of the Catifornia EPA (OBEHHA, 1999, the International Agency for Research on Cancer (IARC,
1999}, the International Programme on Chemical Safety of the World Health Organization
{IPCS. 1998), the European Center for Ecotoxicology and Toxicelogy of Chemicals (ECETOC,
§9971, the Agency for Toxic Substunces and Disease Registry (ATSDR. 1596). and Health
Canada (19923, Thus, this tisk assessment to determine drinking water action levels for methyi
-butyl ether focuses mainly on the oral exposure studies included in these reviews or that huve
been published since these reviews.

fed
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No evidence of hepatic peroxisome proliferation was observed in male rats administered methyl
t-butyl ether via gavage at 800 me/kg-day for 14 days (de Peyster et al.. 2003}, but increased
mean relative liver weight and minimal-to-moderate centrilobular hypertrophy were observed 1n
male rats administered methyi t-butyl ether via gavage at 1000 mg/kg-day and above for 28 days
{Wiliiams and Borghott, 2000: Williamms et al., 2000}, In male and female rats administered high
doses of methy! t-butyl ether (1,250 mg/kg-day) via gavage for 28 days, statistically mcreased
cholesterol levels of at least 20% compared to controls were observed (Johnson et al.. 19923,

Short-term and subchronic gavage exposures to methyl t-butyl ether were associated with
increased mean absolute and relative Kidney weights i male rats accompanied by hyaline
droptet formation in the renal proximal wbules. In male and female rats administered methyl ¢
butyl ether at 100 mg/kg-day and above via gavage for 13 weeks, statistically increased mean
blood wrea nitrogen levels of at least 15% compared to controls were observed (Robinson et al..
1990). Statistically increased liver weights and aspartate aminotransferase, along with hepatic
nuclear condensation, fat droplets, lysosome appearance in hepatocytes, and smooth endoplasmic
reticulum disintegration were observed after subchronic gavage doses of 143 mg/kg-day and
higher (Zhou and Ye, 1999). After chronic gavage exposure to methyl t-butyl ether at doses up
to 571 mg/kg-day, Belpogei et al: (1995) reported that “no treatment-related noneacological
pathological changes were detected by gross inspection and histological examination”.
However. the data were not provided.  Thus. increases in liver weight. aspartate
aminotransferase, blood urea nitrogen, and cholesterol and the ceatrilobular hepatocyte
hypertrophy observed in rats after short-term and subchronic oral exposures to methyl t-butyl
ether could not be critically assessed following chronic oral exposures.

No in vive oral two-generation reproduction or developmental studies were identified for methyt
t-butyl ether. Reproductive effects in male rats have been investigated in non-standardized
reproduction studies. A single gavage dose of methyl t-butyl ether at approximately 500 mg/kg-
day resulted in reduced circulating testosierone in male rats during the hours immediately
fotlowing dosing (de Peyster et al,, 2003y In male rats treated with 1.200 mg/kg-day methyl t-
buty! ether for 14 days. decreased mean testosterone and luteinizing hormone and nereased
estradiol were observed, along with decreased testicutar microsomal aromatase activity (de
Peyster et al., 2003). Repeated exposure to 300 mg/kg-day methyl t-butyl ether via gavage in
male rats was associated with statistical reductions in circulating testosterone afler 28 days (de
Pevster et al., 2003). High doses (> 50 mM) of methy! t-butyl ether were also found to reduce
basal and human Chorionic Gonadotropin thCG)-stimulated testosterone production in Leydig
cels in vitro.

No standardized immunological or neurofogical assays were identified for methyl t-baunyl ether.
but some immunological or neurclogical etfects have been reported in systemic studies tor
methyl t-butyl ether.  Reported immunological effects were limited o reduced circulating
corticosterone levels and thyroid weights inrais after short-term gavage exposures. Studies for
other chemicals have demonstrated that the effects of & chemical stressor on sefecied
immunological parameters can be predicied on the basis of the area under the cortiosterone
concentration versus time curve {Pruett et al. 20031 Reported neurological effects were limited
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to transitory salivation after a single gavage dose of 90 mg/kg-day and higher and transitory
hypoactivity andfor atuxia at higher doses in rats.

9.1.1.2 Mode of Action {Noa-Cancer Effects)

In vive and in vitro assavs by de Peyster et al, (2003 demonstrated that single and repeated
gavage exposures to methyi t-butyl ether can reduce circulating testosterone fevels. Williams and
Borghoff (2000) demonstrated that methyl t-butyl ether induced mild increases in testosterone
hydroxylase enzymes. Further, increases in UDP-glucuronosybransterase observed  were
consistent with the centrilobudar hypertrophy observed in rodents after repeated methyl ©-butyl
ether exposures, Collectively, the study authors suggested that the decrease in serum testosterone
observed following methyl t-butyl ether administration might be the result of enhanced
testosterone metabolism and subsequent clearance.

No evidence of hepatic peroxisome proliferation was observed in male rats administered methyl
t-buty] ether via gavage at 800 mg/kg-day for 14 days (de Peyster et al.. 2003). Hepatic nuciear
condensation, fat droplets, lysosome appearance in hepatocytes, and smooth endoplasmic
reticulum disintegration were observed after subchronic gavage doses of 143 my/kg-day and
higher (Zhou and Ye, 1999). Recent in vivo metabolism data indicate that oral exposure
methy! t-butyl ether induces various CYP430 isozymes. Thus, based on the CYP450 dats and
the lack of reported hepatic histopathology in the chronic gavage study by Belpoggi et al. (1995).
the weight of evidence with respect to hepatotoxicity suggests that although methyl t-butyl ether
induces various CYP430 isozymes. which niay lead to centrilobubar hepatocyte hypertrophy,the
effect does not progress upon chronic oral exposure.  The effects are likely am adaptive
mechanism by the liver to metabolizing high doses of methyl t-butyl ether and are likely
reversible upon discontinuation of exposure. However, it must be noted that a critical assessment
of the progression of the fiver effects from short-term or subchronic-to-chronic exposures could
not be made, since the non-neoplastic data from Belpoggi et al. (1995) were not available for
review, although the authors indicated that ro non-neoplastic effects were observed. ECB
(2007 concluded that the tiver weight increases, hepatic hypertrophy, and changes in smooth
endoplasmic reticulum observed after repeated oral exposures 0 methyl 1-butyl ether are typical
of other chemicals that are considered 1o cause adaptive, bui reversible. responses by the Hver in
order to metabelize the chemical.

All investigations on nephrotoxicity assoctated with methy! t-butvt ether exposure in laboratory
rais are consistent with ¥-2u-globulin nephropathy (IPCS, 1998). V-2u-Globulin nephropathy is
considered an effect specific to male rats and, therefore. of questionable relevance to hummns.

9.1.2 Welght-of-Evidence Evaluation and Cancer Characterization
Chronic gavage exposure to methyl t-butyl ether was associated with an increase in Leydig cell
tumors in roale rars and leukemias/lymphomas (combined) in female rats (Belpoggl et al.. 1995:

1997; 1998). Although there are no chronie data in hurans. there is “suggesiive evidence of
carcinogenic potential” after chronic oral exposure 1o methyl C-butyl ether in rats.



WD O i O LA ke L G

o

da L 0

i

L)

I6

[¥8)

[ S I SN T S N S0 (N ]
OO L

-d

P

ML G £

o lad T Tad led Led X
s

Ny G

£ 2068 NSK Confidential Dratt - Do Not Copy, Cite, or Qutoe methyl (-batyl ether- 02768

The genotoxicity data for methyl t-butyl ether have been critically reviewed by ECB (20023
OFHHA (1999, IPCS 11998y, ECETOC 1997y, and ATSDR (1996}, The weight of evidence
suggests that methyl t-buty! ether has some genotoxic potential. Methy! t-butyl ether has been
tested in mutagenicity, chromosomal aberration, micronucleus. sister chromatid exchange, DNA
damage and repair, and DNA strand break assays i vive and/or in vitro. Methyl t-buiyl ether was
not mutagenic in several Salmonella reverse mutation assays, although one assay was positive in
TAI02. Subsequently, a well-conducted study failed to replicate the positive result for methy! -
butyl ether in Salmonella TAI0Z (McGregor et ab., 2005). Methyl t-butyl ether was also positive
in a mouse lymphoma cell forward mutation assay, possibly due to the metabolism of methyl t-
butyl ether to formaldehyde. Methyl t-butyl ether was negative in in vive and i virro
chromosomal aberration assays. but equivocal results were observed i a sister chromatid
exchange assay in virro. Methyl t-butyl ether was negative in in vive and in vitre mouse
micronucleus assays and unscheduled DNA synthesis assays. and an in vivo DNA repair assay,
although methyl t-butyl ether was positive in a DNA strand break assay m rat lymphocytes in
wive and in human lvmphocytes in vitro {Chen et al.. 20073 DNA adduct formation was

ohgerved in mice given @ single gavage dose of methyl byl ether (D et gl 2005 Yuarn et al.
UV
REYYS

9.1.3 Moede of Action (Carcinogenic Effectsy

The mode of action of the Leydig cell mumors in rats is unclear. There are plausible mechanisms
for the chemical induction of Leydig cell wmors, as typified by agonists of estrogen,
gonadotropin  releasing hormone (GnRH), and dopamine receptors, androgen receptor
antagonists, and inhibitors of 3o-reductase, testosterone biosynthesis, and aromatase {Cook et
al., 1999). Most of these ultimately involve elevation in serum luteinizing hormone and/or
Levdig celf responsiveness to luteinizing hormone. The pathways for regulation of the
hypothalamo-pituitary-testis axis of rats and humans are similar, such that compounds that either
decrease testosterone or estradiol levels or their recognition will increase luteinizing hormone
tevels.

Compounds that induce Leydig cell tumors in rats by disruption of the hypothalamo-pituttary-
testis axis pose 4 risk to human health (Cook et al., 1999). However, several lines of evidence
suggest that human Leydig cells are quantitatively less sensitive than rats in their proliferative
response to luteinizing honmone, and hence in their sensitivity to chemically induced Leydig ceil
wmors (Cook et al, 1999y, This evidence mcludes the following: (1} the human incidence of
Leydig cell umors is much lower than in rodents even when corrected for detection biasy (2)
several comparative differences exist between rat and human Leydig cells that may contribute. at
teast in part, to the greater susceptibility of the rat w both spontaneous and xenobiotic-induced
Leydig cell tumors: (3} endocrine disease states in humans (such as androgen-insensitivity
syndrome and familial male precocious puberty) underscore the marked comparative differences
that exist berween rats apd humans in the responsiveness of their Leydig cells to proiiferative
stimnuiiz and ¢4y several human epidemiology studies are available on a number of compounds
that induce Levdig cell tamors in rats, such as 1.3-butadiene, cadmium. ethanol, factose. jead.
and aicotine, and that demonstrate oo association beiween human exposure o these compounds
and induction of Levdig cell hyperplasia or adenomas (Cook er al.. 1999y
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Although endocrine-mediated modes of action have been suggested for the induction of testicular
wmors by methyl t-butyl ether in rats. OEHHA (1999 and ECB {2002}y feh there were
insuificient data to support these hypotheses. Based on the available evidence, it scems that the
typical mode of action for Leydig cell tumors, which involves elevated lureinizing hormone, is
not the case for methy! -butyl ether (ECB. 2002). Further. testicular cancer is a relativety
wrcommon cancer in humans. Most human testicular cancers originate either from germ or from
Sertoli cells. Tumors of the testes constitute about 1% of all human neoplasm: ondy 2-3% of all
testicular tumors are of Leydig celt origin. Further, methvi t-butyl ether-induced Leydig cell
wmors appear in rats only at high doses. ECB (2002) concluded that no definitive conclusion
could be drawn about the relevance of the Levdig tumors to humans due to the lack of
knowledge of the possible mode of action, Considering ail the available data. the refevance o
man was not copsidered very significant by ECB (2002}

In the chronic gavage study by Belpoggi et al. (1993}, a reduced incidence of mammary umors
was reported.  Such a tumor profile in male and female rats would suggest reduced serum
estradiot levels or reduced profaction secretion, which would cause luteinizing hormone-receptor
down-regulation and a subsequent increase in luteinizing hormone {Cook et al., 1999). However.
prolactin receptors are either not expressed or are expressed at very low levels in the testes in
humans, and thus the induction of Leydig cell tumors in rats by dopamine agonisis would appear
not to be relevant to humans {Cook et al. 1999).

Methyl t-butyl ether induced mild increases in testosterone hydroxylase enzymes, suggesting that
the decrease in serum testosterone observed following repeated oral exposures to methyl t-butyl
ether in rats might be the result of enhanced testosterone metabolism and subsequent clearance.
Williams et al. (2000) reported decreased serum testosterone and luteinizing hormone after 15-
but not 28-day gavage exposures to methyl -butyl ether, but concluded that these changes in
hormone levels did not fit the pattern caused by known Leydig cell tumorigens.

Peroxisome proliferating chemicals have also been known to cause Leydig cell wmors {Klaunig
et al.. 2003). Peroxisome proliferating chemicals are nongenotoxic carcinogens that mediate their
actions through the peroxisome proliferator receptor o Klaunig et al. (2003) postulated that one
mechanism of Leydig cell tumorigenesis begins with peroxisome proliferator receptor o
activation in the Tiver, followed by twe possible pathways--one secondary to liver induction and
the other direct inhibition of testicular testosterone biosynthesis.  Both proposed pathways
involved changes in the metabolism and quantity of related hormones and hormone precursors.
Klaunig et al. (2003) however, noted that rodents are more responsive than primates in thelr
response i peroxisome profiferators in vive.  When de Peyster et al. (2003) administered methyl
t-butyl ether at 800 mg/kg-day to rats for two wecks, no effects on hepatic clinical chemistry or
peroxisomal protiferation were observed,

The mode of action of the vmphohematopoietic cancers observed in female rats after chromic
vavage exposures is unknown.  However. the proposed metabolite of methyl t-butyl ether,
formaldehyde, has also produced fymphohematopoetic cancers in Sprague-Davley rats exposed
oratly (OEHHA, [998),
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9.1.4 Selection of Kev Study and Critical Effect

The key study was considered the chronic gavage study by Belpoggi et al. (1993} in which
Leydig cell tumors in male rats and hemolymphoreticular leukemias/lymphomas (combined) m
female rals were ohserved at statistically increased incidence compared to controls. Although
the study did not meet current U.S. EPA (2007b) Health Eftects Testing Guidelines and the study
results may have been confounded by early mortality in control and treated rats. it was
considered to be adequate for use in a lifetime oral risk assessment for methyl t-butyl ether, since
it was conducted by the most appropriate route and duration for a lifetime oral risk assessment
for methy! t-butyl ether.

Carcinogenicity of methy! t-butyl ether has been observed after oral and inhalation
administration in taboratory animals, Other than the tumors observed in Sprague-Dawley rats
from the chronic gavage study by Belpoggi et al. (19951 1997, 1998), renal tubular tumors and
Leydig interstitial cell tumors were observed in male Fischer 344 rats in a 24-month inhalation
study (Chun et al., 1992: Bird et al,, 1997). and hepatocetlular adenomas and/or carcinomas were
observed in male and femate CD-1 mice in an 18-month nhalation study {Burleigh-Flayer et al.,
1992 Bird et al.. 1997). The leukemia/lymphomas were not observed consistently in the after
inhalation exposure in rats (IPCS, 1998), fncreases in Leydig cell wmors occurred at the highest
cavage dose (537 mg/kg-day) in Sprague-Dawley rats, but interpretation of the mcreases in
Fischer-344 rats after inhalation exposure was complicated by the very high concurrent and
historical control incidences (IPCS, 1998).

The historical control incidence of Leydig cell imors from studies conducted by Belpoggi were
not reported.  The historical control incidence of Leydig cell tumors in male rats of various
strains has been reported by Cook et al. (1999). In male Sprague-Dawley rats. Leydig cell
adenomas were observed in [6/349 (4.8%) of control rats in studies terminated at 24 months
(Cook et al., 1999). Other laboratories using Sprague-Dawley rats in 24-month studies have
reported historical control incidences of  11/330 (0.8%) and 1/340 (0.1%) for Levdig cell
adenomas and carcinomas, respectively (Couk et al. 1999). The route of administration for
these studies was not indicated. These historical control incidences are below those abserved in
control, Jow- and high-dose males from the Belpoggi et al. {1995) gavage study with methyl t-
butyt ether (12, 20, and 34%. respectively).

In male Fischer 344 rats. Leydig celi adenomas were observed in 39.253/51.230 (76.6%) of
controt rats in studies terminated at 24 months (Cook et al., 1999). The route of administration
for these studies was not indicated. This incidence is similar to those observed in control, low-,
mid- and high-dose males from the 24-month inhalation study with methy! t-butyl ether (Chun et
al., 1992: Bird et al., 1997y (64, 70, 82, and 94%. respectively}.

The historical control incidence for lymphomas and leukemias {combined) in the Belpoggi
fuboratory was reported o be less than 10% in female Sprague-Dawley rats (Belpoge: et al.
1995). This historical conrol incidence is below the invidence of Iymphomas and leukemias
{vombined) observed in control. fow- and high-dose females from the Belpogg et al. (1995
study with methy! -huty] ether (3. 14, and 26%. respectively).
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In the Belpoggi et al. (1993) study. the animals were observed until natural death. although
sreatment ended at 104 weeks. Survival at 104 weeks was fess than 50%. which is the minimum
recommended survival rate according to current U.S. EPA (2007b) Health Effects Testing
Guidelines. Survival at the end of treatment was 35% and 28% in low- and high-dose [emales,
respectively. compared to 48% in controls. Survival at the end of treatment was 30% and 42% in
Jow- and high-dose males. respectively. compared 1o 30% in controls. Further, this study does
not meet current U.S. EPA (2007b) Health Bffects Testing Guidelines since the dosing oecurred
on a four-day per week schédule and no resaits for hematology. clinical chemistry. urinalysis. or
organ weights were reported.

Recognizing the deficiencies in the Belpoggi et al. (1993} study, using a chronic oral study
estimate lifetime cancer risk from oral exposure to methyl -butyl ether was considered more
appropriste than using a chronic inhalation study and conducting an inhalagon-route-to-oral-
route extrapolation to estimate a lifetime cancer risk from oral exposure 1o methyl t-butyl ether.
Further. the historical control incidences for Leydig cell adenomas as reported by Cook et al.
(1999) were well below those observed in control. low- and high-dose males from the Betpoggi
et al. (1993) gavage study. Likewise, the historical control incidence for lymphomas and
leukemias (combined) in the Belpogei laboratory were below those observed in comrol, low- and
high-dose females from the Belpoggi et al. (1995) gavage study with methyl t-butyl ether.
However, as reported by IPCS (1998), the diagnostic criteria for the distinction betwesn Leydig
cell tumors and hyperplasia were not indicated by Belpoggt et al. 1995 1997; 1998}, and the
latter were not reported at all, which was considered unusual by IPCS {1998) for old Sprague-
Dawley rats showing Leydig cell tumors,

9.1.5 identification of Susceptible Populations

There are no data by which to identify any subpopuiations (e.g.. the elderly, pregnant womern,
children, or people with allergies or asthma) that might be at special risk to methy] i-butyl ether
exposure (IPCS, 1998).

9.2  Dose-Respense Assessment

For the dose-response assessment, the statistical 95% lower confidence limit of the 10¥% effect
level, also known as the BMDL .. was estimated using default setiings in the Benchmark Dose
Program {Version 1.4.1¢, US. EPA, 20074). In the Belpogel et al. {19935, 1997; 1998 study,
Sprague-Dawley rats were administered methy! t-butyl ether via gavage at 0. 230, or 1.000
mg/kg-day for four days a week for 24 months. These doses were approximately equivalent 16
daily doses of 0, 143, or 571 mg/kg-day. In male rats. the incidence of Levdig cell tumors was
statisticalty increased at the high dose compared to the controls, and there was a statistically
significant dose-related trend at the mid and high dose. In female rats, the combined incidence
of lymphomas and leukemias was statistically increased at the high dose compared lo the
controls. and there was a statisticaily significant dose-related trend at the mid- and high-dose.



© 2008 NSF Confidential Draft — Do Not Copy, Cite, or Qutoe methvi t-butyl ether- (/08

9.2.1 Dose-response assessment based on tumor data in male rats

The administered doses in male rats were converted to human equivalent doses of ¢, 42.5. or 170
mg/kg-day, based on the following equation,

. o , 523
Human Equivalent Dose =  dose (mg/kg-day} < (kg wi rat/70 kg wt, human e

Mean terminal body weight for low-dose male Sprague-Dawley rats from Belpogyi et al. (1995
1997; 1998) = 0.550 kg (data not provided: estimated from graph at 104 weeks. time at which
dosing ended. although animals were observed until natural death). Mean terminal body weight
for high-dose mate Sprague-Dawley rats from Belpoggt et al. (1995, 1997 1998) = 0.550 kg
{data not provided; estimated from graph at 104 weeks, time at which dosing ended. aithough
animals were observed umiil natural deathy. In male rats, the incidence of Levdig cell tumors was
statistically increased at the high dose compared to the controls (Table 3).

"J:wégar‘wrumc:\ow\.lmmme»—

Table 3. Levdig cell tumors in male rats after chronic gavage exposure to methyl t-butyl
ether {Belpoggi et al., 1995; 1997; 1998)

»1

I8
3126 (12%) 37378 (3%)
5725 (20%) S/37.6 (13%)
11733 (34%)* L1703 (27%)

TNumber of fate atfectet mnmber surviving ot appearance of st junor 196 weeks) based on Belpoggl ¢ al, {1995,
 Nuamber of rats affecredfeffective munber a7 risk sfter Poly-3 adjustrent for survival based on Kippling ¢
* perd) 8

jous)

3]

20 Since there was a statistically significant dose-related tend at the mid- and high-dose. a
21 benchmark dose level at the lower 95% confidence interval (BMDL) for methy! t-butyl ether
72 wili be determined based on the incidence of Leydig cell tumors in male rats. The BMDIE o was
33 defined as the lower 95% confidence intervad of the dose at which one could expect a 10%
24 incressed incidence in a given population: (Table 41

25
26 ‘Table 4. Results of benchmark dose modeling of Leydig cell tumors from male rats
27 {all alive at 96 weeks, first observed tumor)
28
Model P value AlC Chi square resfduals z’m:f‘lfé-)g;n mii;;gldi \
Gamna (18224 ¥3,4501 7 0187, 0063 G 32
Logistc 6578 §55635 7 0278, 6340.-0.060 83 s
Multistage' NA 0,00 43 iz
Probit 06760 3356 0524 006 EE s
Quengal Lincar/Weibutl” (19234 E (1 43507, G187, -0 6l sz
P valie = Global measarement of goadness-of-fie (F >0 1y
“eiterion = Maodel comparison tlewest value preferreds
hi square = Local measurer : seness-of-fit (< 2010
¥ Mt Cancer BMDLU moer Slope Facior
TBMD pr coram defaghed Quantad Linea N B
24
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The Gamma, Quantal Linear and Weibull models provided the best fit, based on the highest p
value. lowest AIC value, tocal Chi® values of less than the absohute value of two for all data
points, and a good fit of both the BMD and BMDL dose-response plots (see Appendix). The
cateulated BMD (60 mg/ke-dayy and BMDL (32 mg/kg-day) were in close approximation of
each other.

9,2.2 Dose-response assessment based on tumor data in female rats

Alternately, the BMDL,o for methyl t-butyl ether can be calculated based on the combined
incidence of lymphomas and leukemias in female rats from the Belpoggi et al. (19950 1997:
1998) study. The doses were equivalent to human oral doses of 0. 38.7, or 132 mg/kg-day. based
on the following equation.

Human Equivalent Dose = dose (mg/kg-day) x (kg wtrat/70 kg wt. humany’

Mean terminal body weight for low-dose female Sprague-Dawley rats from Belpoggi et al.
(1995; 1997: 1998) = 0.375 kg (dat not provided; estimated from graph at 104 weeks. time at
which dosing ended, although animals were observed untit natural death). Mean terminal body
weight for high-dose female Sprague-Dawley rats from Belpoggi et al. (19955 1997, 1998) =
(.355 kg (data not provided: estimated from graph at 104 weeks. time at which dosing ended.
although animals were observed unti! natural death). In female rats, the combined incidence of
Iymphomas and leukemias was statistically increased at the high dose compared (o the controls
{Table 5).

Table 5. Combined incidence of hemolymphoreticular lymphomas and teukemias in female
rats after chronic gavage exposure to methyi t-butyl ether
{Belpoggi et al., 1995; 1997 1998)

i tiethy 1 cther _ : _mnivmphﬁreﬁcuim
{mg/kp-day human equivalentdose). [ lymphﬁmas'and feukemias ¢
iy 2458 (3%
387 781 (14%)
152 12747 (265"
“Nupher of rats affected/num ez surviviag at appearance of first oy (36 week)

Lo et

Since there was a statistically \’iéﬂiﬁ;dm dose-related trend at the mid- and high-dose. a
benchmark dose level at the lower 93% confidence interval (BMDLg) for methvl t-butyl ether
will be determined based on the combined incidence of lvmphomas and leukemias m female rats
(Table 67,
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| Table 6. Results of benchmark dose modeling of hemolymphereticular lvmphomas and

2 leukemias from female rats {all alive at 56 weeks, first observed tumor}

3 SR e

3
Modet P value AIC Chi square residuals fmz’;i;&ix ¥ ﬁgﬁ%;

{iamma (4240 [16, 20 3,284, (1675, 318 57 36
Logistic 01604 117.587 L L 060, 018D 91 7
Multisiage' NA 117.3%6 1,43, -0 1a Lo
Probit 04779 P17.413 0831 103G, <0213 87 63
Quantal Linear/Weibull 3.4246 116,208 L3384, 0673, 0,318 37 36

P value = Global measurement of goudness-of -fit (P > 015

AN { Akaike's Information Criterions = Model comparison (lowest value preferred;
Chi square = Locat measurement of goodness-of-fit{< 2 5.
P Multistage Cancer BMDU = 279 m\z/iw—dax (restrict betas and Cancer Slope Factor = (10032

* BMD program defaulted Quantal Lincar model 1o Weibull model

4

5 The Gamma, Quantal Linear and Weibull models provided the best fit. based on the highest p

6 value, lowest AIC value. local Chi® values of less than the absolute value of two for all data
points, and a good fit of both the BMD and BMDL dose-response plots (see Appendix). The

8 calculated BMD (57 my/kg-day) and BMDL (36 mg/kg-day) were in close approximation of

9 gach other.

_Oral Slope Factor Calculation ;F__oma{-_ted: Bid

I3 There were insufficient data to support a mode of action for the Leydig celf or lymphatic tumors.
14 In the absence of mode of action information, the US. EPA {(2003) generally takes a
15 conservative, or public health-protective, default position regarding the interpretation of
16 toxicological data. This conservative approach assumes that the animal wmor findings are
17 retevant 0 humans and that cancer risks are assumed o conform with low dose Tinearity (U, s.
1§ EPA, 2003). Elucidation of a mode of action for a particular cancer response in animals or
19 humans is a data-rich determination. Significant information should be developed © ensure that a
20 mode of action underlies the process leading to cancer at a given site (U.S. EPA. 2003). Based
21 on this approach, both the lymphatic and Leydig cell tumors in yats were assumed to be refevant
22 to humans and the associated cancer risks were assumed to conform o low dose | anca;tt) Thus,
23 a4 107 risk level will be caleulated for methy! t-buty! ether based on the BMDL o of 32 mg/kg-
24 day (the Jower of the two BMDLy,; values. recognizing that they were both essentially the samel,
25 The slope of the dose-response line, known as the slope factor. is an upper-bound estimate of risk
26 per increment of dose that can be used o estimate risk probabilities for différent exposurce levels
27 (1.5, EPA. 2003¢). The \iopc wetor iy equal to G.0VLED if the LEDw is used as the point of
28 departure (U.S. EPA, 2003¢). Since the 10% benchimark dose iewe! was used in this risk
29 assessment, then the oral x?(}ps_. factor was determined according o the following eguation,

3

31 Orat Slope Factor = 0.1

iz BMDL

33

34 Oral Slope Factar = (.1

35 32 myfke-day
36
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Oral Slope Factor = 0.003125 img/ke-dayy”

The Cancer Slope Factor of 0.003125 cﬂmg‘%&gméuy}'g as estimated by NSF International s
essentially the same as the Cancer Slope Factor of 0.0032 {mg!i{g-day}‘§ estimated by the
Multistage model of the Benchmark Dose Software Version 1.4.1¢ {U.S. EPA, 200721 A 107 {or
I in 100,000} cancer risk level can determined from the BMDLyg according to the following
linear extrapolation: )

0.1 = 000001
BMDL 1 107 risk level
0.1 = (.0000]

32 mgkgday 107 risk level

i

107 risk level = 0.003125 merke-day
Drinking Water Unit Risk Calculation

The unit risk, defined as the upper-bound excess lifetime cancer risk estimated to result from
continuous exposure to an agent at a concentration of I pg/L (L8, EPA. 2003a), may be
calculated from the slope tactor, Risk-specific doses are derived from the slope factor or uait
risk to estimate the dose associated with a specific risk Ievel, for example, a one-in-a-million
increased lifetime risk (LS. EP.AL, 2003¢). The unit risk is calcutated from the slope factor
using the default 70 kg body weight and 2 L/day drinking water consumption of an adult

Unit Risk = 003128 keday  x 1 x 2L x lmg  =90x e (;zgf'l;‘)'é
mg kg day OGO ug

0.009 x 107 (ug/k)”

i

or

1

0.09 x 107 (ugt)’

Therefore. drinking water containing | ug/L of methyl t-butyl ether consumed for o lifetime s
estimated 1o result in development of G.009 excess wmors per [HLO00 people. and drinking
water containing 1 ug/l of methy! t-butyl ether consumed for a jifetime is esifmated o result in
development of 0.09 excess tumors per LOMLO00 people. Alternately. drinking water containing
90 1g/L of methyl t-butyl ether consumed for a lifetimie is estimated o result in development of
| excess tumor per 100,000 people, or drinking water containing 9 g/l of methyl t-butvl ether
consumed for a Lifetime is estimated to result in development of 1 excess wmor per 1LOOO.000
peaple.

Formatted: Hullevs
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9.3 Exposure Assessment

The presence of methyl t-butyl ether in ambient air as a result of the manufacture and distribution
of oxygenated fuel, vehicle refueling processes. and evaporative and tailpipe emissions from
motor vehicles. is likely to be the principal source of human exposure (OEHHA, 1999). Methyl
t-butyl ether is infrequently detected in public drinking water systems from groundwater (IPCS,
1998). There are inadequate data to characterize the concentration of methyl t-butyl ether in
public drmkmaﬁ water systems from surface water, Methyl t-butyl ether has been found at high
Jevels (ie. 2 1,000 pg/l) in a few private wells used for drinking water (IPCS, 1998, Exposure
of the ptsb?m 0 methyl t-butyl ether can be principally by inhalation of fumes while refueling
motor vehicles and drinking contaminated water (McGregor, 2006). Maximum internal doses
resulting from such exposures are unlikely o exceed 0.03 mg/kg-day and will normally be very
much lower,

9.4 TAC Derivation

The Total Alfowable Concentration (TAC), is used to evaluate the results of extraction testing
normalized to static at-the-tap conditions and is defined as the RID multiplied by the 70 kg
weight of an average adult assumed to drink two liters of water per day. A relative source
contribution (RSC}, applied when calculating a TAC for non-carcinogens, is used to ensure that
the RED is not exceeded when food and other non-water sources of exposure to the chemical are
considered. Since the TAC value for methyl t-butyl ether is based on a carcinogenic endpoint, a
RSC will not be applied. The TAC for methyl t-butyl ether wili be set w the i HO™ cancer risk
level for methyl -butyl ether.

TAC =107 risk jevel x 70 kg
2 Llday

= (0,003 me/ke-dayy(70 kgy
2 Liday

= (), 105 mg/L (100 ppb rounded)
9.5 STEL Derivation

NSF/ANSI 60 2005} and 61 £2007) ablow for the derivation and use of a STEL for materals that
are initiaily present in potable water at relatively high concentrations, but rapidly decline in
concentration because they are volatile or because they chemically or bivlogically degrade. The
STEL is generaily calculated from a repeated dose study in laboratory animals of 14 o C}f} days
in duration, adjusted for the default 10 kg body weight and | Liday drinking water consumnplion
of a child. A product can initially contribute up to the STEL if the a-the-tap concentration
decrenses o o fevel at or betow the TAC or SPAC within 90 days. Since methyl t-butyl ether is
being evaluated as E gencioxic carcinogen. exposure 1o drinking water levels higher than the
TAC, set at the 107 sisk level. cannot be justified and it 1s not appropriate to derive a STEL for
this chernical,
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18.0 RISK MANAGEMENT
10.1  SPAC Derivation

The SPAC Is set at the 107 cancer risk level of 0.01 mg/L (or 10 ppb) for methy! t-butyl ether,
This is based on the default 10 sources of the chemical in the water distribution system in the
absence of data on the actual number of sources.

11.0  RISK COMPARISONS AND CONCLUSIONS

The scientific literature for methyl t-butyl ether in humans and laboratory animals has been
reviewed extensively by several national and international reguiatory agencies. Table 7 provides
a summary of the most recent and major reviews along with the major conclusions from each
assessment regarding the non-cancer and cancer human heaith risks from exposure methyl t-
butyl ether.

Although the conciusions from the various agencies regarding non-cancer effects are largely in
agreement with each other, the conclusions regarding the carcinogenic potential in rats after oral
exposure aré divergent. The American Conference of Governmental Indusuial Hygilenises
(ACGIH, 2005) has classified methyl t-butyl ether as a Class A3 Animal Carcinogen. The
International Agency for Research on Cancer {IARC) has reported that there is fimited evidence
in humans and in experimental animals for the carcinogenicity of methyl t-butyl ether. Thus, i
was concluded by TARC (1999) that methyl t-butyl ether is not classifiable as to its
carcinogenicity fo humans (Group 3).

Based on a critical review of the genotoxicity data for methyl t-butyl ether. ECB {2002)
conchuded that methyl t-butyl ether cannot be considered a mutagen. OEHHA (1999) concluded
that that the data are weak and there i no clear evidence thut methyl t-butyi cther or its
metaholites are involved in the carcinogenic response in laboratory animals. IPCS (199%)
concluded that the weight of evidence suggests that methyl t-butyl ether s not genotoxic,
ECETOC (2003 and 1997) concluded that genotoxicity of methyl t-butyl ether is unlikely to play
a role in neoplastic findings reported in chronic studies with methyl t-butyt ether. Further, the
inhaled concentrations causing neoplastic effects are equal to or greater than those inducing non-
neoplastic effects in female mouse liver and male rat Kidney. Thus, protection against non-
neoplastic effects should also protect from any theoretical carcinogenic effect (ECETOC (20033,
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Since the Belpoggi et al. (1995) chronic gavage study in rats was not designed o meet a
standardized protocol, the study was considered by some regukatory agencies to have
deficiencies that would impact & human health risk assessment for methyl t-butyl ether. In
summary, some agencies of organizations considered the Belpoggi et al. {1993} study w be
inadequate for a human health risk assessment for oral exposure while other agencies considered
the study to be adequate, although flawed.

Among the agencies or organizations that considered the Belpoggi et al. (1995) study or the
overall evidence to be inadeguate to assess the carcinogenic potential in humans from orul
exposure to methyl t-butyl ether were the European Chemicals Bureau (ECB, 2002), the
International Agency for Research on Cancer (IARC. 1999), the International Programme on
Chemical Safety (IPCS. 199%). and the European Center for Feotoxicotogy and Toxicology of
Chemicals (ECETQC, 2003 and 1997). IPCS (1998) critically reviewed the Belpoggr et al.
(1995) study and noted several confounding factors, such as:

(1) there is limited description of the results, particutarly the histopathological findings:

(2) diagnostic criteria are not given for the distinction between Leydig cell tmors and
hyperplasia (the latter were not reported at all, which is unusual for old Sprague-Dawley
rats showing Levdig cell tumorsh

{3y diagnostic criteria are not given for the distinction between dysplastic hyperplasia and
fymphoma;

(4) lymphomas and leukemias are pooled: specific tumor type and incidences were not
reported;

(5} historical contral data might aid the evaluation of lymphomas and leukemias. particularly
if they are available for these rats within different age ranges: and

(6) chronic progressive nephropathy was not observed in these Sprague-Dawley rats,
although these lesions might be expected, on the basis of data from a number of other
studies with this strain of rat,

IPCS (1998) concluded that owing to differences between rats and humans in the regulation of
gonadotropins, it is questiomable that the Leydig cell tumors observed in rats would be seen in
numans. IPCS (1998 further indicated that these tumors have been reparted to be induced by
non-genotoxic carcinogens that disturb the hormonal balance of testosterone. luteinizing
hormone, and Tuteinizing hormone releasing factor in rats. and that although such a mechanism
may be relevant in humans, it was not substantiated by experimental evidence, since these
hormones were not determined in any of the studies with methy] t-butyl ether (IPCS. 1998}
However, since the [PSC review. recent in vive and in viire studies by de Peyster et al. (2003)
have demonstrated that single and repeated gavage exposures o methyl tbutyl ether can reduce
circulating testosterone levels, Further, studies by Williams et al. (2000) indicated that methyi -
butyl ether can induce mild increases in testosterone hydroxylase enzymes. suggesting that the
decrease in serum teswosterone observed following repeated oral exposures to methyt t-butyl
ether in rats may be the result of enhanced testosterone metabolism and subsequent clearance,
However, Williams et al, (20003 noted that the changes in testosterone and luteinizing hormane
levels after short-term gavage exposures 10 methyl -butyl ether 1n rats did not fir the pattern
caused by known Leydig cell amorigens.

WA
oa



20
21
)
23
24
25
26

27

28

38

[ R G ]

L

i lad ad Lad Tad fad

i

© 2008 NSY Confidentiai Draft — Do Not Copy, Cite, or Qutoe methyl t-butyl ether- $2/08

US EPA (1997) recommended a drinking water level for methyl t-butyl ether of 20-40 ppb based
on averting tste and odor, and considered this level to provide a sufficient margin of exposure
for cancer and non-cancer effects observed in laboratory animals. Under the U.S. EPA (2008)
IRIS Program, the draft re-assessment of methyl t-butyl ether s currenty undergoing the
“Agency Review” step with an estimated completion date of February 17, 2008, The next stages
are “Interagency Review” and “External Peer Review™.

The National Institite of Public Health and Environmental Protection of the Netherlands {Baass,
2004: RIVM, 2004}, Agency for Toxic Substances and Discase Registry (ATSDR, 1996} and
Heaith Canada (1996; 19913 have not derived chronic regulatory values for methyl t-butyl ether
based on cancer effects, although vaiues for fess than chronic exposure and/or non-cancer effects
have been derived {Table 7). RIVM (2004 Baars, 2004) considered the subchronic gavage study
by Robinson et al. {1990} as the key study and applied 1.000x uncertainty factor (10 each for
inter- and intraspecies differences, and 10 total for limited duration of the study and database
deficienices) o the NOAEL of 300 me/kg-day o determine a tolerable daily intake of 0.3 mg/ke-
day. Note that NSF considered the reduced lung weights treatment-refated at all exposure doses
in females and thus, could not identify a NOAEL for fermale rats in this study.

Among the organizations or authors that considered the Belpoggi et al. ( 1995} study o be
adequate, although flawed. 1o assess the carcinogenic potential in humans from oral exposure (0
methyl 1-buty} ether were Caldwell et al. (2007) and the Office of Environmental Health Hazard
Assessiment of California FPA (OEHHA. 1999). OFEHHA (1999 reported that the National
Academy of Sciences (NRC. 1996) reviewed the chronic gavage study by Belpoggi et al. (1995)
and noted the following as study deficiencies:

(1) the dosage schedule of Monday, Tuesday, Thursday, and Friday, rather than five
consecutive days,

{2y use of doses in apparent excess of the Maximum Tolerated Dose (MTD), based on a
dose-related decrease in survival among treated females:

(3) the combining of Jeukemia and lymphoma incidence;

(4) the tncomplete description of rumor pathology and diagrostic criteria; and

(3} the tack of moriality adjusted analyvsis to account for differences in survival times,

OEHHA (1999) considered these criticisms and concluded that although these experiments. fike
the others available for methyl t-butyl ether. do have certain Hmitations or difficulties of
interpretation. they contribute considerably fo the overall evidence available for methyl -buryt
etier risk assessment. Further, OEHHA (1999) conchuded that the study was valid, not critically
flawed. and consistent with other reperted results, Caldwedl et al. (2007) considered the
background incidence of hemolymphoreticular tumors in femade rats from Belpoggi et al. (1995)
1o be consistent with other studies. Further, the hemolyimphoreticular tumors were considered w
be exposure-related, relevant to humans, and unlikely to be due to infections. The review authors
also supported the combination of lymphoblastic leukemias and lymphomas reported by
Belpoggi et al. {19933 for the purposes of risk ussessment.
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Goodeman ef al. (2007} and NTP (Kissling et al., 2007} provided recent insight inte the tack of
mortality-adjusted analysis to account for differences in survival times noted as a deficiency by
NRC (1996}, Goodman et al. (2007} do not consider the increase in Leydig cell umors n treated
male rats to be statisticalfy significant when these data are re-evaluated with a statistical
adjustment (Poly-3 test) for the increased survivai in the high-dose males, which provides an
increased opportanity for the ocourrence of tumors. However. NTP ( Kissiing et al., 2007
rebutted that the Poly-3 analysis was developed by the NTP (Bailer and Portier. 1988: Portier
and Bailer, 1989 based on survival rates from Hid-week (two-year) studies and was not
designed to encompass longer-term studies tke Belpoggi et al (1995) m which rats were
observed until natural death of up to 174 weeks. Kissling et al. (2007) demonstrated that the
increase in Leydig tumors in male rats exposed to methyl tbutyl ether was statistically
significant according to the Poly-3 test based on survival at 104 weeks, for which the test was
designed. When the Leydig ceit tumor data were evaluated in the Poly-3 test based on the exact
death times obtained through communications with Dr. Beipoggi. Kissling et al. (2007) reported
the incidence of Leydig cell tumors to be 3/37.8 (8%). 5/37.6 (13%), and 11404 (27%) in
control, low-, and high-dose rats. respectively, based on the effective number of rats at risk after
adjustment for survivat at 104 weeks. These data compare 1o the incidences of 3726 (128, 5125
(20%), and {1732 (34%), respectively, based on the total number of rats alive at the appearance
of the first Leydig tumor (96 weeks) reported by Belopoggi et al. (19953 A BMDL,y of 67
mg/ke-day (data not shown) was estimated by NSF International based on the adjusted survival
reported by Kissling et al. (2007). Note that the Benchmark Dose program (V.1.4.1c. 2007a}
rounds the number of rats in each dose group to 38. 38 and 40, respectively. This BMDLyy of 67
mg/kg-day compares to the BMDL,; of 32 mg/kg-day based on the survival at 96 weeks, time of
first Leydig tumor. The BMDLis for Leydig tumors based on Poly-3-adjusted survival is
provided as a comparison only. as no regulatory guidance is available regarding this Poly-3-
based approach to estimate the BMDL 5. Further. the performance of the Poly-3 test depends on
how closely it represents the correct specification of the time-at-risk weight in the data (Moon et
al., 2003, A similar mortality-adjusted analysis for the lymphatic tumors in female rats was not
identified in the published lierature.

As noted above. a key difference in the methodology of the Belpoggi et al. (1995) study
compared to NTP chronic studies is that the treatment duration and sacrifice time are the same
(104 weeks) for NTP rat studies, Whereas. Belpoggi et al. (1995) observed the rats until natural
death in order to assess late-appearing tumors, although the treatment duration was 104 weeks.
NSF used the total number of rats alive af the appearance of the first Leydig tumor (96 weeks)
reported by Belopoggt et al. (1995 in order 0 esitmate the BMDE ;. NSF did not feeb it was
appropriate tw include all sixty animals per dose in the BMDL. o estimation. since the late-
appearing Leydig cell wumors may have been spontaneous. particularly considering the high
spontaneous incidence of this tumor and the fact that Portier et al, (19803 found spontapecusiy-
occurring Leydig celt tumors in control rats, albeit the F344 strain, to be clearly non-lethal. Note
that 8 BMDL g based on Poly-3 adjustmient for survival ai 104 weeks for the lymphatic tumnors in
female rats coutd not be estimated by NSF International. because survival data at 104 weeks was
not reporied by Belpoggi cral. (1995).

Twe ihalation studies in rats (Burleigh-Flayer et al, 1902: Chun et al., 1992 Bird et ul., 1997}
and the gavage study (Belpoggi et al. 19951 19970 1998y in rats were used by OEHHA (1999) 1o
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develop a public health goal (PHG) of 13 ppb for methyl t-butyl ether in drinking water. The
value was derived from the geometric mean of the cancer sjope factors of the combined male rat
kidney adenomas and carcinomas after inhalation exposire, the male rat Leydig cetl tumors after
gavage and inhalation exposure. and the leukemia and lymphomas in female rats after gavage
exposure, The value was set at the 107 cancer risk tevel and assumed three hiters of water
consumption per day. OEHHA 11999) indicated that while some reviews have given less weight
t the Belpoggi et al. (1995; 1997 1998) studies. OEHHA (1999) found that they comributed to
the overall weight of evidence.

OFEHHA (1999} did not consider the renal tbule tumors observed in male rats after chronic
inhalation of methy! t-butyl ether to be associated with o-2u-globulin nephropathy, and cited
investigations by NSTC (19973 and U.S. EPA (1997}, These reviews reported thai the possibility
of male rat-specific a-2u-globulin nephropathy playing a significant role in the pathogenesis of
methy! t-butyl ether rat kidney tumors is unlikely. According to OEHHA (1999), these reviews
conclude that the data indicate only mild accumulation of o-2u-globulin and mild or partial
expression of a-2p-giobulin associated nephropathy in male rats, while clearly exacerbating the
expression of non- o-2u-globulin rat nephropathy in both males and females. Further. a dose-
dependent increase in mortality from chronic progressive nephropathy was observed in male rats
at all dose levels. and m females at the mid- and high-dose levels in the rat inhalation bicassay
by Bird et al. {1997). However, the TPCS (1998} considered all investigations on nephrotoxicity
associated with methyl t-butyl ether exposure i laboratory rats to be consistent with o-24-
globulin nephropathy and of questionable relevance o human health.

Due to the limited oral data for methyt t-butyl ether, Dourson and Felier (1997) reviewed the
toxicokinetic data for methyl t-butyl ether and suggested that there are sufficient data to conduct
an inhalation-to-oral route extrapolation for methyl t-butyi ether. Based on the two-year
inhalation toxicity study by Chun et al. (1992), in which rats were exposed to 0. 400, 3.000. or
8,000 ppm methyl t-butyl ether for six hours per day and five days per week, human equivalent
oral doses of 0, 130, 940, or 2.700 mg/kg-day were estimated. These doses were estimated using
a physiologically-based pharmacokinetic model that compared the differences between the
absorption, distribution, metabolism. and elimination of methyl t-butyl ether after inhalation
compared to oral exposure.  After a review of the kinetic and metabolism data, Dourson and
Felter (1997 concluded that the ratio of inhalation-to-oral absorption was between 0.4t 1. and
thus chose 0.5 for the absorption component of the physiologically-based pharmacokinetic
model. Tt was atso concluded that the ratios between inhalation-to- oral distribution, metabolism.
and elimination of methyl t-butyl ether in rats were each one. since these parameters were
considered equivalent between the inhalation and oral routes. The human equivalent oral doses
that were estimated based on the the Chun et ab. (1992) chronic nhalation study were proposed
for use in oral non-cancer and cancer risk assessments for methyl Cbutyl ether. In this study,
renal tubular umors and Levdig interstitial cell wmors were observed at an increased incidence
m mide rats compared to controls,

Based on the physiologically based pharmacokinetic model proposed by Dourson and Felter
(1997, the proposed human equivalent oral doses of O, 130, 940, or 2700 me/kg-day were used
{0 estimate a BMDL for methyl t-butyl ether based on the incidence of Leydig cell mmors in
male rats inhaling methyl t-butyl ether for two years (Appendix A Section 1435 At human
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equivalent oral doses of 0, 130, 940, and 2.700 mg/kg-day, the incidence of Leydig celt tumors
was 32730, 33750, 4 1/30, and 47750, respectively.

The Gamuma, Multistaze, Quantal Linear, and Weibull models provided the best fits, based on the
same lowest AIC value, local € hi* values of less than the absolute value of two for all data
points, and a good fit of both the BMD and BMDIL. dose-response plots (Appendix A} The
cafculared BMD (158.8 mwke-day) and BMDL (102.4 mg/kg-day] for all four models were
identical and in close approximation of each other. As an alternate to a 167 cancer risk level for
methyl t-butyl ether based on Leydig tmors in male rats or lymphatic wmors after gavage
exposure, the BMDL of 102.4 mg/kg-day. based on Leydig timors after inhalation exposure, can
be used to calculate the 17 cancer risk fevel for methyl t-butyl ether,

107 risk level inrats = BMDL (0.00001)
0.t
L0 risk level inrats = 102 4 medke-day (000001
L1
107 risk level inrats = .61 mg/kg-day

This 107 risk level dose of 0.0} mg/kg-day based on Leydig tumors in rats after inhalation
exposure is three times higher than the 167 risk level dose of 0.003 mg/kg-day based on Leydig
tamors in rats after gavage exposure.

Similarly. the proposed human equivalent oral doses of 0, 130, 940, or 2,700 mg/kg-day from
Dourson and Feler (19973 were used to estimate a BMDL for methyl t-butyl ether based on the
combined incidence of renal tubule adenoma and carcinomas in male rats observed after chronic
inhalation.  As suggested by OEHHA (1999). this approach considers that the renal tubule
tumors are not associated with o-2p-globulin nephropathy {Appendix A, Section 1445 At
human equivalent oral doses of 0. 130, 940, and 2.700 mg/kg-day, the combined incidence of
renal tubule adenoma and carcinomas was 1/35, /32, 8/31, and 3/21, respectively.

Since none of the models provided a good fit. data for the highest dose level were omitted and
the models were re-run (Appendix A, Section 14.5). The results of the BMDL modeling with the
highest dose omitted provided a better fit than with all the dose levels. In general, however. the
fits for all models using the data for renal tubule tuors in male rats after inhalation exposure
were not as good as when using the data for the Leydig tumors in male rats after inhalation
exposure,

When data for the highest dose level were omitted, the Multistage and Quantal Quadratic models
provided the best fits, bused on the same fowest AlC value, local Chi® values of tess than the
absolute value of two for all data points, and a good fit of both the BMD and BMDL dose-
response plots (Appendin Al Since the caleufated BMD (580 my/ke-day) and BMDL (439
mg/kg-day) for the Quantal Quadratic model were in closer approximation of each other. the
BMDL from the Quantal Quadratic modet of 439 mg/kg-day was preferred over the BMDL of
303 mg/kg-day from the Multistage model. As an alternate to a 1077 cancer risk leve! for methyl
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t-butyl ether based on Levdig tumors in male rats after gavage exposure or Leydig twmors m
male rats after inhalation exposure, the BMDL of 439 mg/kg-day, based on combined incidence
of renal tubule adenoma and carcinomas in male rats after inhalation exposure, can be used 1©
caleulate the 107 cancer risk fevel for methy] t-buryl ether.

107 risk level inrats = BMDL (000001
0.1
107 risk fevel inrats = 439 me/ke-day (000001
0.1
107 risk level inrats = 0.04 mg/kg-day

This 107 risk tevel dose of (104 mg/kg-day. based on renal tubule adenomas and carcinomas in
rats after inhalation exposure. is more than one order of magnitude higher than the 107 risk level
dose of 0,003 mg/kg-day. based on Leydig umors in rats after gavage exposure, and four times
higher than the 107 risk level dose of 0.01 mg/kg-day. based on Levdig tumors n rats after
inhalation exg;osure.. Overall, data for the Leydig tumors in male rats after inhalation exposure in
the Chun et al. (1992) study provided the best fit for the BMDL modeis as compared 1o the data
for Leydig timors after gavage exposure from the Selpo gi et al. (1995: 1997: 1998 swudy or
the renal tumers after inhalation exposure in the Chun et al, {1992} smdy

However, recognizing the deficiencies in the Belpoggi et al. (1995) study, using a chronic oral
study to estimate lifetime cancer risk from oral exposure o methyl t-butyl ether was considered
more appropriate than using a chronic inhalation study and conducting an inhalation-route-to-
oral-route extrapolation to estimate a lifetime cancer risk from oral exposure to methyl t-butyl
ether. Although there are no chronic oral data in humans, there is “suggestive evidence of
carcinogenic potentiol " after chronic gavage exposure to methyl t-butyl ether in rats. Further, the
weight of genotoxicity evidence suggests that methyl -butyl ether has some genotoxic potential
and there were insufficient data to support a non-genotoxic mode of action. In the absence of
mode of action information. the U.S. EPA (2003} generally takes a conservative, or public
health-protective, default position, which assumes that the animal tumor findings are relevant w
humans, and cancer risks are assumed 1o conform o tow dose linearity. Based on thus approach.

the Leydig cell tumors in rats were assumed to be refevant to humans and the associated cancer

risks were assumed ta canform to low dose linearity. Thus. a 107 cancer risk level for methyl +-
butyl ether was extrapolated from the chronie gavage BMDL of 32 mg/kg-day for the Leydig
celt tumors in male rats, which was essentially the same as the BMDL, of 36 mg/kg-day for
leukeniias/lymphomas (combined} i female rats. The Belpoggi et al. (1995) study was
considered adequate for the purposes of risk assessment. The drinking water action levels
developed in this risk assessment are protective of public health, since they were based on the
tumor incidences observed in a chronic gavage study.
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exposed to methyl tertiary-butyl ether (MTBE} Eur. I Oncol. 3(3):201-206.

Belpoggi, F.. M. Soffritti, and C. Maitoni. 1995, Methyl-tertiary-butyl ether (MTBE} -
gasoline additive - causes testicular and lympho-haematopoietic cancers in rats. Toxicol. Ind.
Health, TH23119-149,

Belpoggi, F.. M. Softrigi, F. Filippini. and C. Maltoni. 1997, Resuits of long-term experimental
studies on the carcinogenicity of methy! tert-butyl ether. Anm NUY. Acad. Sci. 837:77-93,

Billind. LE. B.C. Faulkner. and B.W. Wilson. 2005, Absence of acute testicular foxicity of

methyl-tert bugyl ether and Breakdown products in mice. Bull Eoviron Contam Toxicol,
75(23:228-35.
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Bioresearch Laboratories. 1990, Pharmacokinetics of methyi tert-butyl ether (IMTBE} and tert-
butanol (TBA) in male and female Fischer 344 rats ofter adminisiration of MTBE by the
intravenous. oral. and dermal routes. Report No. 38842, Senneville. Quebec, Canada. As cited
by ATSDR (1996),

Bird, M.G.. H.D. Burleigh-Flayer, J.S. Chun. LF. Douglas, L1 Kneiss, and LS. Andrews. 1997,
Oncogenicity studies of inhaled methyl tertiary-butyt ether (IMTBE} in CD-1 mice and F-344
rats. §. Appl Toxicol. 17 (S1): $45-835. May. As cited in OEHHA {1999).

Borghoft. S.1., LE. Murphy, and M.A. Medinsky. 1996. Development of physiologically based
pharmacokinetic model for methy! tertiarybutyl ether and tertiary-butanol in male Fisher-344
rats. Fundam Appl. Toxicol. 30:264-275.

Burleigh-Flayer, H.D., .S, Chun. and W.J. Kintigh. 1992, Methyl tertiary butyl ether: vapor
inhalation oncogenicity study in CD-1 mice. Bushy Run Research Center Report No. 9INGOL3A.
October 15. Union Carbide Chemicals and Plastics Company, Inc. submitted to the U.S. EPA
under TSCA Section 4 Testing Consent Order 40 CFR 799.5000 with cover letter dated October
29, 1992, EPAJOPTS#42098. Export. Pennsylvania: Bushy Run Research Center. As cited in
OEHHA (19993

Caldwell, 1.C., I. Jinot. D. Devoney, and 1.8. Gift. 2007. Evaluation of evidence for infection as
a mode of action for induction of rat lvmphoma, Environ Mol Mutagen n Press),

Chen. C.S.. Y.C. Hseu, S.H. Liang, J.-Y. Kuo, and S.C. Chen. 2007. Assessment of

genotoxicity of methyl-tert-butyl ether, benzene, toluene. ethyibenzene, and xylene 1o human
lymphocytes using comet assay. J Hazard Mater. (In Press) doi:10.1016/] fhazmat, 2007 08,033,

Chun. 1.S.. H.D. Bwleigh-Flayer. and W.J. Kintigh. §992. Methyl tertiary ether: vapor
inhalation oncogenicity study in Fisher 344 rats. Bushy Run Research Center Report No.
S1NOOI3B, November 13, Union Carbide Chemicals and Plastics Company. inc. submitted
the 11.S. EPA under TSCA Section 4 Testing Consent Order 40 CFR 7995000 with cover letter
dated Novernber 19, 1992, EPA/OPTS#42098. Export, Pennsylvania: Bushy Run Research
Center. As cited in OEHHA {1999).

Cinelli. S., P. Cilintti. A, Falezza, €. Meli. L. Caserta. S. Marchetti, AH. Seeberg, and LA,
Vericat. 1992, Absence of mutagenicity of methyl-tertiary-butyl ether {absiract No. P36/P 101
Toxicol. Lett, Suppt. 1-356: 300. As cited in ECB (2002).

Cook, 1.C.. GR. Klinfelter. LF. Hardisty. R.M. Sharpe. and P.M.D. Fosier, 1999, Rodent
Leydig Cell Tumorigenesiss A Review of the Physiclogy. Pathology. Mechanisms, and
Retevance to Humans, Crit. Rev. Toxicol, J9(21u169-261

Cruzan. G.. §.1. Borghoff. A. de Peyster. G.C. Hard, 3. McClain. D.B. MeGregor. and MG
Thomas. 2007, Methvi rerriar-butyl ether mode of action for cancer endpoints in rodents. Reg
Toxicol Pharmacol. 47:156-165.
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Day. K.J.. A. de Peyster. B.S. Allgaier, A. Luong. JA, MacGregor. 1998, Methyl t- bu;xi ather
(MTBE) effects on the male rat reproductive endocrine axis {abstr act]. Toxicol 42(1-8%n174.

Dekant, W.. U. Bemauer. E. Rosner, and A, Amberg. 2001, Biotransformation of MTBE,
ETBE. and TAME after inhalation or ingestion in rats and humans. Res. Rep. Health Eff. inst.
102:29-71: discussion 95- 104,

de Peyster, A., K.J. MacLean, B.A. Stephens, L.D. Ahern, C.M. Westover, and D, Rozenshievn.
2003, Subchronic studies in Sprague-Dawley rats to investigate mechanisms of MTBE-induced
Leydig celi cancer, Toxicol Sei. 72{1131-42,

Dowrson, ML, 1994, Methods for establishing oral reference doses (IRfDs). In Risk Assessment
of Essential Elements. W. Mertz, C.0O. Abernathy, and S.8. Olin (editors), pages 51-61, ILSI
Press Washington, D.C,

Dourson, ML, and S.P. Felter. 1997, Route-to-route extrapofation of the toxic potency of
MTBE. Risk Anal. 17(61:717-25.

Dourson, ML, §.P. Felter, and D. Robinson. 1996, Evolution of science-based uncertainty
factors i noncancer risk assessment. Regul Toxicel Pharmacol 24:108-120.

Du. HF. L.H. Xu, HE Wang. Y.F. Liu, X.Y. Tang, K.X. Liu, and S.X. Peng. 2005, Formation
of MTBE-DNA adducts in mice measured with accelerator mass spectrometry. Environ Toxicol.
20¢41:397-401.

Furopean Center for Ecotoxicology and Toxicology of Chenticals (ECETOC). 1997, Technical
Repnm No. 72. Methyl tert-Buiy! Ether {MTBE) Health Risk Characterisation CAS No.1634-4-
4 (FINECS No. 216.633.1). ISSN-0773-8072-72. June.

Furopean Chemicals Bureau (ECB). 2002 European Union Risk Assessment Report. Tert-
Butyl Methyl Ether. CAS No. 1634-04-4. EINECS No. 216-653-1. 3sd Priority List. Volume
19, Institute for Health and Consumer Protection, European Chemicals Bureau, Ewropena
Commission. EUR 20417 EN. September 9.

Goodman, LE.. D. Gaylor. L A. Bever, L.R. Rhomberg, and B.D. Beck. 2007, Effects of MTBE
on Levdig cell umors in Sprague-Dawley rats: Range of possible Poly-3 results. Regul Toxicol
Pharmacol, n Press).

Heaith Canada. 1992, Canadian Envivonmental Protection Act. Priority Substances List
Assessment Report No. 5. Methy! tertiary-butyl ether.  Government Canada. Environment
Canada, Health and Welfare Canada, Health Canada. ISBN 0-662-15941-3

Health Canada, 1996, Health-Based Tolerable Daily Intakes/Concentrations and Tumorigenic

Doses/Concentrations  for Priority  Substances.  Environmenal Health Directorate. Health
Protection Branch, Heaith Canada. ISBN 0-662-24858-9.
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JARC (International Agency for Research on Cancerd, 1999, Monographs on the Evaluation of
the Carcinogenic Risk of Chemicals to Man, Geneva: World Heaith Organization, International
Agency for Research on Cancer. 1972-PRESENT. (Multivolume worky, Vol 73, pp 339.
September 30,

Tavicoli, 1.. G. Carelli. R. Ardito, A. Cistadini, and A. Sgambato, 2002, Methyl-tertiary-butyl
ether (MTBE) inhibits growth and induces cell transformation in rodent fibroblasts. Anticancer
Res. 2244921737,

IPCS (International Programme On Chemical Safety). 1998, Environmental Health Criteria
206. Methy! Tertiary-Butyl Ether. United Nations Environment Programme, International
Labour Organisation. World Heaith Organization, Available from:

L i Flugrenings teasodveminn rarerdeievesrvrannsie fahy dnhe b o WS F .. PR PR g
et e nchemoorg/documents/eho/oho/ehe 206 hund#PanNumber: 1.

Johnson. W.D., J. Findlay, and R.A, Boyne. 1992, 28-day oral (gavage) toxicity study of methyl
t-butyi ether in rats. Prepared for Amoco. Hlinois Institute of Technology Research. ITT
17 Research Institute Project No. LO8100. Chicago. illinois. 48 pp.

19 Kim. D.. M. E. Andersen, 1.D. Pleil, L.A. Nylander-French, and J.D. Prah. 2007. Refined PBPK
20 model of aggregate exposure fo methyl tertiary-butyl ether. Toxicol Lett. 169(33:222-35.

22 Kissiing, G.E., C.1. Portier, and J. Huff. 2007, MiBE and cancer in animals: Statistical issues
23 with poly-3 survival adjustments for lifetime studies, Regul Toxicol Pharmacol. (in Press).

75 Klan, M.J. W, Johnson, N.S. Hatoum, and I.LK. Yermakoff. 1992, Z8-day oraf (gavage} toxicity
26 study of methy! t-butyl ether in rats {abstract]. Toxicol. 120131 7.

28 Klaunig, JE., M.A. Babich, K.P. Baetcke, 1.C. Cook, J.C. Corton. R-M. David, 1.G. Delluca.
29 D.Y. Lai. RH. McKee. ].M. Peters, R.A. Roberts, P.A. Fenner-Crisp. 2003, PPARalpha
30 agonist-induced rodent tumors: modes of action and human refevance. Crit. Rev. Toxicol.
31 33(6%:655-780.

33 fee. L.C.. PJE. Quintana. and A. de Peyster. 1998, Comet assay evaluation of the effect of
34 methyl t-butyt ether (MTBE) on rat lymphocytes [abstract]. Toxicol. 42(1-8):187,
5

6 Le Gal, AL Y. Drezno, P.G. Gervasi, and I, Berthou. 2001, Human cytochrome P450 2A6 is
the major enzyme involved in the metabolism of three alkoxyethers used as oxyfuels. Toxicol
38 Lett, 12441-3047-58.

40 Life Science Research Roma Toxicology Centre S.P.A. 1989, Gene mutation in Chinese hainster
G VT9 cells, test substance: MiBE. Report No. 216002-M-03589. Rome, ltaly: Roma Toxicology
42 Cenwre SP.A. Ascited in ECB {2002}
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Litton Bionetics Inc. 1980, Mutagenicity Evaluation of TBME A995 (Tert-Butyl Methyl Lither)
in an in-vitte Cylogenctic Assay Measuring Sister Chromatid Exchange and Chromosome
Aberration Frequencies in Chinese Hamster Ovary (CHO) Cells. Kensington, Maryland: Litton
Bionetics. Inc. As cited in BCB (2002},

Mackerer. C.R.. F.A. Angelosanto, G.R. Blackburn, and C.A. Schreiner, 1996. Identification of
formaldehyde as the metabolite responsible for the mutagenicity of methyl tertiary-butyl ether in
the activated mouse lymphoma assay. Proc. See. Exp. Biol. Med. 212(43:338-41. As cited in
ECB (2002},

Martin, J.V., N.M, Bilgin, and M.M. Iba. 2002, Influence of oxygenared fuel additives and their
metabolites on the binding of a convulsant ligand of the gamma-aminobutyric acid(A)
{GABA(A)} receptor in rat brain membrane preparations. Toxicol Lett, 129(33:219-26.

McGregor. D. G. Cruzan. R.D. Callander, K. May, and M. Banton. 2005. The mutagenicity
testing of tertiary-butyl alcohol, tertiary-butyl acetate and methyl tertiary-butyl ether in
Satmonella typhimurham. Mutat Res. 36321 181-9,

McGregor, D. 2006, Methy! fertiary-Butyl Ether: Studies for Potential Human Health Hazards.
Crit Rev Toxicol, 36(43:319-358,

Moon, H. H. Ahn, R.L. Kodell, and 1.1 Lee. 2003, Estimation of k for the poly-k fest with
application to animal carcinogenicity studies. Stat Med. 22(163:2619-36.

Moser, G.J.. B.A. Wong, D.C. Wolf, OR. Moss, and T.L. Goldsworthy. 1996, Comparative
short-term effects of methy! tertiary butyl ether and unleaded gasoline vapor in female B6CIPI
mice. Fundam Appl Toxicol. 31:173-183

National Research Councit (NRC). 1996, Toxicological and Performance Aspects of
Oxygenated Motor Vehicle Fuels. 160 pp. Commitiee on Toxicological and Performance
Aspects of Oxygenated Motor Vehicle Fuels, Board on Environmental Stadies and Toxicology,
Committee on Life Sciences. Nationai Research Councit (NRC). National Academy of Sciences
(NAS), Washington, D.C.: National Academy Press. As cited in OEHHA (1999).

Nationat Research Council INRCY 1983, Risk Assessment in the Federal Government
Munaging the Progess. Nationa! Academy Press.

NSF/ANSI 60, 2005, Drinkine Water Treafment Chemicals - Health Effects. NSF
International. Ann Arbor, ML

NSF/ANST 61, 2007, Drinking Water Svstem Compongats - Health Effects. NSF International.
Ann Arbor, ML
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NSTC (National Science and Technology Councill 1997, Interagency Assessment of
Oxygenated Fuels. fune, National Science and Technotogy Council, Commitiee on Environment
and Natural Resources (CENR) and lnteragency Oxygenated Fuels Assessment Steering
Comrnittee, White House Office of Science and Technology Policy (OSTP) through the CENR
of the Executive Office of the President,  Washingion, D.C.: NSTC.  Available at
tipiwww whitchouse sonWE/BOP/OS TPAwml/OSTE Homehiml. As cited by OFHHA
(19993,

OFEHHA (Office of Favironmental Health Hazard Assessment).  F998. Evidence on the
Carcinogenicity of Methyl Tertiary Butyl Ether (MTBE) Draft.  Reproductive and Cancer
Hazard Assessment Section. California Environmental Protection Agency. September.

OFHHA (Office of Environmental Health Hazard Assessmenty. 1999, Public Health Goal for
Methyl Tertiary-Butyl Fther (MTBE) in Drinking Warter. Pesticide and Environmental
Toxicology Section.  Office of Environmental Health Hazard  Assessment. California
Environmental Protection Agency. March.

Okahara. N. A. de Peyster. S.E. McPherson, and LA, MacGregor. 1998, Effect of MTBE on
estrogen-sensitive tissues of imntature female CD-1 mice {abstract]. Toxicol, 42(1-Sp174-175,

Portier, C.1.. 1.C. Hedges. and D.G. Hoel. 1986, Age-specific models of mortality and turmor
onset for historical control animals in the National Toxicology Program’s carcinogenicity
experiments. Cancer Res, 46:4372-4373.

Portier, C.J. AJ. and Bailer. 1989, Testing for increased carcinogenicity using a survival-
adjusted quantal response test. Fundam. Appl. Toxicol. 12:731-737.

Prah. J., D. Ashley, B. Blount. M. Case, T. Leavens, 1. Pleil, and F. Cardinali. 2004, Dermal.,
Oral, and Inhaltion Pharmacokinetics of Methy!l Tertiary Butyl Fther (MTBE) in Human
Volunteers. Toxicol, Sci. 77:195-205,

Presidential/Congressional Commission on Risk Assessment and Risk Management. 19974
Framework for environmental health risk management. Final report Volume L

Presidentia/Congressional Commission on Risk Assessment and Risk Management. 1997b. Risk
assessment and risk management in regulatory decision-making. Finaf report Volume 2.

Pruett, SB.. R. Fan, Q. Zheng, L.P. Myers. and P. Hebert, 2003, Modeling and predicting
immunological effects of chemical stressors: characterization of a quantitative hiomarker for
immunological changes caused by atrazine and ethanol. Toxjcol. Sci. 75(23:343-54.



Pl e v e T R mem e meer e
DS ed O LA B L P e 2D ND G0 O LR s L D e

o)

25

29

fd kel Tl Tad
L e O T

fad

Lt

© 20608 NSF Confidential Draft - Do Neot Copy, Cite, or Qutoe methyl t-butyl ether- 02/08

RIVM. 2004, Risicogrenzen voor MTBE (Methyl tertiair-Batyl Ether) in bodem, sediment,
grondwater. opperviaktewater, drinkwater en voor drinkwaterbereiding (Risk limits for MTBE in
soil, sediment, groundwater, surface water, drinking water, and for drinking water preparation}.
(Report in Dutch, Evaluation in English). {Swartjes FA, Baars AJ, Fleuren RHLJ. and Oue PF).
Report no. TH1701039/2004. Nationat Institute of Public Health and the Environment. Bilthoven,
The Netherlands, November 2004, p.  55-68  (English  section).  Available  a
qutnweaw rivinonlbibliotheel/rapporien 1039 Bl

Robinson, M., R.H. Bruner. and G.R. Olson. 1990, Fourteen- and ninety-day oral toxicity
studies of methy! terdary-butyl ether in Sprague-Dawiey rats, I Am, Colll Toxicol, 933525
340.

Suffer, LH. 2007, A re-evaluation of the taste and odour of methy] wertiary butyt ether (MTBE) in
drinking water. Water S¢i Technol, 35(53.265-73.

11.S. Environmental Protection Agency. 1986,  Guidelines for carcinogen risk assessment.
Federal Register 51{185%33092-34040.

U5, Environmental Protection Agency. 1988, Recommendations for and documentation of
biological values for use in risk assessment. EPA 60076-87/008, NTIS PBEB-179874/AS.
February 1988.

U.S. Eavironmental Protection Agency. 199ta. National primary drinking water regulations:
Finat Rale. Federal Register 56(203:3526-3614.

1.8, Fnvironmental Protection Agency. 1991b. Guidelines for developmental toxicity risk
assessment. Federal Register 56(234163798-03826.

U.S. Environmental Protection Agency. 1993, Reference Dose (RfDy: Description and use in
health risk assessment. Integrated Risk Information System {IRIS}) background document 1A,

hindwww e eovineipom Vir/rid,

U.S. Eavironmental Protection Agency. 1995, Methods for the Determinution of Organic
Compounds in Drinking Water-Supplement [H. Method 3022, VOCs by Purge and Trap
Capillary GC with Photoionization and Electroiytic Conductivity Detectors in Series.
EPAGOOR-93-131, NTIS Pub. No. PBYS-261616.

.S, Favironmental Protection Agency. 1996a. Proposed zuidelines for carcinogen risk
assessment. Federal Register 6H795:17960-1801 1.

US. Eavironmental Protection Agency. 1996b. Guidelines for reproductive toxicity risk
ssessinent, Federal Register 61{212%36274-36322

US, Eaviommenial Protection Agency. 1997, Drinlong Water Advisory:  Consumer
Acceptability Advice and Health Effects Analysis on Methy! evtiary-Bayl BEther (MiBE). EPA
B22-F-97-008. December.
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US. Environmental Protection Agency. 1998, Guidelines for neurotoxicity risk assessment.
Federal Register 63931:26926-26954,

U.S. Environmental Protection Agency. 1999, draft revise
assessment, NCEA-F-0644. July 1999, hupd/ioinibepay

U.S. Environmental Protection Agency. 20020 A Review of the Reference Dose ang Reference
Concentration Process. EPAG3/P-02/002F. 01 Dec 2002, US. EPA, Risk Assessment Forum,
Washingion, DC, 192 pp.

U.S. Environmental Protection Agency. 2003a.  Glossary of IRIS terms.  Integrated Risk
Information System (IRIS). huip/fwwow.epn gov/agispom Virs/ainss S im,

U.S. Eavironmental Protection Agency. 2003b. Draft final guidelines for carcinogen risk
assessment (external review draft, February 20035 NCEA-F-0644A. 03 Mar 2003 US.
Environmental Protection Agency, Risk Assessment Forum, Washingron, DC. 125 pp.

U.S. Environmental Protection Agency, 20052 Glms' y of IRIS terms. Integrated Risk
Information System (IRES). ip/iwww epi oy

sfelossR i,

11.S. Environmenial Protection Agency. 2005b.  Guidelines for carcinogen risk assessment.
EPA/630/P-03/0018. March 2003,

nrtpyHotoubepa covineeadral/recordispiay ofmUdeid= 1 16253

U.S. Environmental Protection Agency. 2007a. Benchmark Dose Software Version d.le.
National Center for Environmental Assessment. Office of Research and Development.
hepfwww epa sov/ncea/bimds hitm.

1}.S. Envirenmental Protection Agency. 2007b. Health effects testing gaidetines. U.S. Code of
Federal Regulations. Titde 40. Part 798, US. Environmental Protection Agency.

U.S. Environmental Protection Agency. 2007c. Office of Pa)llm;on Prevention and Toxics.
ChemRTK HPV Challenge ?momm gyl wint. Last Updated
December 4, 2007.

U.S. Environmental Protection Agency. 2008, IRIS Track. Status Report for Methy! tert-Bueyl
I:E{hm* {M’f‘BEl Imegmted RM\ Information Systent,
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Ward Jr., LB, W.W, As. BB, Whorton, et al. 1994, Genetic toxicity of methyl tertiary-butyl
ether.  Division of Environmental Toxicology, Deparmment of Preventive Medicine and
Community Health, Galveston, Texas: University of Texas Medical Branch. As cited in IPCS
(1998).

Ward Jr., IB, DH. Daiker. DA, Hastings, MM, Ammienheuser, and M.S. Legator. 1995,
Assessment of the mutagenicity of methyl tertiary-butyl ether at the HPRT gene in UD-1 mice
Tabstract]. Toxicol. 15:79. As cited in OEHHA (1999) and ATSDR (1996,

Williams, T.M. and 5.J. Borghott. 200 Induction of testosterane biotramsformation enzymes
following oral administration of methyl tert-butyl ether to mate Sprague-Dawley rats. Toxicol.
Sci. 57(13:147-35.

Williams, T.M., R.C. Canley, and S.J. Borghoff, 2000. Alterations in endocrine responses in
male Sprague-Dawley rats following oral administration of methyl tert-butyl ether.  Toxicol.
Sci. 54411 168-76.

Yuan, Y., HE Wang, HEF Sun HUF, Du LHL Xu, OB Lin, XF Ding, DP Pusand KX L

HuE7, Adduction of DNA with MTBE and TBA in mice studied by accelerator mass
spectromety. Environ Toxicol. 22(6):630-5.

Zhouw,W. D. Yuan, G. Huang, H. Zhang, and S. Ye. 2000. Mutagenicity of Methyl Tertiary
Butyl Erther. ¥, Environ. Pathol.. Toxicol. Oncol. 19(1-23:35-39.

Zhou,W. and S. Ye. 1999, Subchronic oral methyl tertiary-buty] ether exposure (MTBE) in
male Sprague-Dawley rats and effects on health of MTBE exposed workers. 1. Occup. Health.
41:.33-38.
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_APPENDIX A

%t Benchmark Dose for Leydig Cell Tumors after Gavage Exposure

b N R R R O

7 Gamma Model. (Version: 2.1 1 Dater 10/3172007)
] input Bata File: CABMDSWNSAVEDI (D)
9 Guuplot Plotting File: CABMDSWNSAVED plt
14} Thu Jan 24 132950 2008
il =
i2 BMDS MODEL RUN
I3 e s i o o o o s
i4 The form of the prohability funclion s
15
16 Plresponsel= background+{ I-huckground Y*CumGammalslope™dose power
i7 where CumGammal.y is the cummulative Gamma distribution function
I8
19 Dependent variable = COLUMN?2

20 Independent variable = COLUMN!

21 Power parameter is restricted as power »=1

23 Total number of ohservations = 3

24 Total number of records with missing values = 0

25 Maximum number of iterations = 230

26 Relative Function Convergence has been set 1o {e-008

27 Parameter Convergence has been set to: 1e-008

28

29 Drefanit Initial (and Specified) Parameter Values

30 Backeround=  (1.12963

3 Slope = 000333061

32 Power = £3

33

34 Asymptotic Correlation Matrix of Paramerer BEstimates

33

36 (o The model parameter{s) -Power have been estimated at a boundary point. of have been specified by
37 the user, and do not appear in the correlation masex )

38

39 Background Stope

Y Background H (158

41

42 Slope +{1.58 i

43

44 Parameter Estimates

43

46 G5 (0% Wald Confidence Interval

47 Variable Estimate Sed. Frro Lower Contl Limit Upper Confl Limit
48 Background £.122384 90372279 G092 0.234448
19 Slope 000173848 0000886275 2 1EIEZe-003 000349546
3t Power { NA

......... U <
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NA - Indicases that this parameter has hit a bound implied by some inequalicy constraint and thus
has no standard error

Analysis of Deviance Table

Model  Logtlikelihood) # Param's Deviance Test &, Pevaive
Full model -42 4001 3

Fitted moded -42 4251 3 (04499073 I 118232
Reduced model -44.630Y t 450163 2 [ERTINE]

AlC: 8§8.8501

Goodness of Fit
Scaled
Dose  Fst._Prob. Expecied Observed  Size  Residual

0.0000  6.1223 ER 3 26 0,107
425000 0.1855 4.637 5 25 0,187
17,0000 0.3491 thi71 Hl 32 (1063

Chi"2 =003 df=1 P-value = 0.8224

Benchmark Dose Computation

Specified effect = 0.1

Risk Type = Extrarisk

Confidence level = (.95
BMb = 54,9136

BMDL = 315687

A
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Gamma Mulli-Hit Model with £.85 Confidence Level

Gamma Malti-Hit ' ' ' o T
BMD Lowsr Bound
0.5
04
i
2
o .
& 5
Z 03
[=4 ;
2
o ;
2 ;
w02
01
o BMDL v BMD . S
G 20 40 60 80 100 120 140 160
dose
| 13:29 01/24 2008
2
3 Benchmark Dose for Lymphomas/Leukemias after Gavage Exposure Formatted: fullets -
"'3" Ang
5
6 Gamma Model. (Versior: 2,11 Date: 10/3172007)
7 laput Data File: CABMDSWUNSAVEDIL()
3 Grugplot Plotting Fite: CABMDS\UNSAVED L pit
9 Thu fap 24 13:32:15 2008
H = B = = oz e
It BMDS MODEL RUN
T e me s e o o o o o i Pt o o e
13 The form of the probability furction is:
14
15 Piresponse]= background+( | -background P*CumGammal stope=dose.powerh,
6 where CemGammal.) is the camulative Gamma distribution function
b7
18 [rependent variabie = COLUMNZ
19 Independent variahle = COLUMNI
20 Poswer parameter is resivicted as power ==1
21
22 Total number of ohservations = 3
23 Toral number of records with missing valuos = 0
24 Muasimum number of Herations = 230
25 Relative Function Convergence has been set o 1008
26 Paramerer Convergance has been set to) Te- D08
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Drefault niial {and Specified) Parumeter Values
Backpround = (LG423729
Siope = (.00460149

Power = 1.3

Asymptotic Correlation Matrix of Parameter Estimates

The model parameter(s) -Power have been estimated at & boundary point, or have been specified by
the user. and do not appear in the correlation matrix )

Buckground Siope

Background 1 -13,44
Slope 4149 i

Parameter Estimates

95.0% Wald Confidence Interval

Variable Estimate Std, Err.  Lower Conf. Limit Upper Conf. Limit
Background 00419587 0.0264021 -L009 78844 0.0937059
Siope (00184323 (.0006198] 0.000638423 600305803
Power i NA

NA - Indicates that this parameter has hit a bound implied by some inequality constraint and thus
has no standard error,

Analysis of Deviance Table

Maodel  Log(ikelihood) # Param's Deviance Test df. P-value
Full model -35.798 3
Fited model -36.1041 2 0612346 1 £1.4334
Reduced model 616303 i 11663 2 00024831

AIC: 116.208
Goodness of Fit
Scaled

Dose  Fsi_Prob.  Expected  Observed  Size Residuad

(L0000 0.0420 2434 2 38 -0.284
37000 (1079 3.504 7 51 (1675
132.0600  0.2761 12974 P2 47 0318
Chir2 =064 df =1 Povilue = (1.4246

Rerchmark Dose Computation

Specified effect = {11

Risk Type = FExuurisk
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Confidence level = 303

BMD = 571600

O A e td D) e

BMDL = 337657

Garmma Mult-Hit Modet with 0.85 Confidence Leval

. Gamma Mutti-Hit
0.4 7 BMD Lower Bound

035
03
0.25 -

0.2

Fraction Affected

- BMDL JBMD N i
0 20 40 80 80 100 120 140

dose
7 13:52 1724 2008

9 | .+ Benchmark Dose for Leydig Cell Tumors after Inhalation Exposure

i

I Results of benchmark dose modeling of Levdig cell tumors from male rats inhaling methyl
12 t-butyl ether for two years
13

Local Chi’ scaled AIC BMD BMDL
Madel residuals <f 2)7 | p-value” (mg/kg-day) {my/ks-day)

Caim Yes 3.9391 2003.39 1388 12,4
Lougistic Yes {16394 202 .4%3 1887 379
Multistuge” Yes {19341 205349 1388 ]

| Probit Yes 08460 | 200599 W27 T
Quantal Linvar Yes {19391 200,39 1588
Cuantal Quadraiic Yes (3.3745 200228 6325
Woinult Yeas $3.0391 200334 |38

i iF e stastdird deviation for each dove folf within the estimnad GOS8 revpime Tanve

300 used

el
i



© 2008 NSF Confidential Prraft — Do Not Copy, Cite, or Qutoe methyl t-butyl ether- 02708

SRevision: 2.2 $ $Duate: 2N0LOY 14 011700 F
input Data File: CBMDSIDATAWTBE CHUN, LEY DG
Gauplet Plotting File: CHBMDSDATAMTBE CHUN _LEYDIG.ph
Fri Nov 07 15:47:21 2003

T ] O LA E L P

BMDS MODEL RUN

TID v e o e o e e e 0
11

12 The form of the probability function s

13

14 Plresponse]= background+ | -backgroundy *CumGammal slopedose.power].
13 where CumGammal.} is the cummulative Gamma distribution function

i6

17 Dependent variable = COLUMN3

18 Independent variable = COLUMN|

19 Power parameter is restricted as power »=1

20

21 Total number of observations = 4

22 Tetal number of records with missing values = O

23 Maxirnum number of fterations = 230

24 Relative Function Convergence has been set to; Te- 0

25 Paramcier Convergence has been set w: 1e-008

26

27 Default Initial (and Specified) Parameter Values

2 Background =  (.637233

29 Stope = Q00109377

30 Power = 1.3

3

32 Asymptotic Correlation Matrix of Pararneter Estimates

23

33

3¢ ( #%% The mode] pawameterts) -Power hiave been estimated ata boundary point. or have been specified by the
i3 user. and do not appesr in the correlation matrix )

36

37 Background  Slope

35 Rackground i 0158

34 Slope 0,48 ]

40

41 Parameter Estimates

42 Variabie Estimute Sul. Eor.

43 Buckaround .656203 (LO4G257%

44 Siope  B.000663687 000200204

45 Power ! NA

46

4 NA - Indicates that this paramieter kas hit a bound implicd by somie inequality conswaint and ts has no standard

4% error

Analysis of Deviangce Table

Madet  Logthkelibood) Doeviance Test BF - Povaiue
{ myoded HE3IZ

f moded SURRs 2z
Roduced model Se633 3

AR R
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Goodness of Fit
Scaled
Dose  Bst Prob. Fxpected  Observed  Size Residual

00000 God02 EERAR 3z 36
PI0O00 (L6846 34232 33 30 32337
Gi( G008 ORI58 40,784 41 30 047693

FOGH00 D847 47.136 47 50 -00R262
Chisquare=  0.13 DF=2 Povatue = 1.9391
Benchmark Dose Computation
Specified effect = 0.4
Risk Type =  Exirarsk
Conlidence level = 0.495
BMD = 158.7%
BMDL = 102,395

Gamma Multi-Hit Model with §.95 Confidence Leve!

;L Gamma MultiHit

BMD Lower Bound

0.9 -
k) H
2 i
2 0.8
£ :
{ B
S o7
(3
g :
[

05
BMDL BMD O ——
o 500 1000 1500 2500 2500

dose
18:47 1107 2003
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P : _Benchmark Dose for Renal Tumors after Inhalation Exposure : Formatted:
A de
3 Results of benchmark dose modeling of renal tubule adenomas and carcinomas (combined)
4 from male rats inhaling methy! t-buty! ether for two years
)
T 7 T LocalChitsealed | AR BMD | BMDL
CoMadel 7 P residuals <] 2171 pevalue® frglkg-day) | (mefkg-day)
Gamma ___No 00136 74,7039 G922
Logistic No 00240 74,1405 8i6
Multistage” Yes 0.0136 74,7039 22
Probit No 0.0010 79,0339 1132
- Quantal Linear No (.0136 74,7034 922
Quantal Quadratic Yes 4.0003 748644 2108 3
Weibul) No .0136 F4TG3 G922
* p value should be greater than (33 ’ - l
" Graph was considersd a good viswa H i the standard devimion for each dose Sl within the estimrated dose response canve
© Multistage degree of potynomial =3
Note that Benchmark Dose Software Voo vion 1.3 1 ased B N
6
s S — S — —
5 Quantat Quadratic Model SRevision: 2.2 $ SDater 200703717 22:27116 §
9 Iuput Data File: CABMDSWDATAMTBE CHUN_RENAL _OMIT _HIGH.(d)
1 Gruplot Plogting File: CABMDSIDATAWMTBE_CHUN R NAL OMIT_HIGH.pit
11 Mon Nov 10 {1083 2003
12 R S S S R I I R S R R 2
HE
i4 BMDS MODEL RUN
8 e e o o o o o o it 5 ) o o o
16
17 The form of the probability function is:
18
19 Plresponse] = background + (L-background I L-EXP(-slope®dose 2}
20
21 Dependent variable = COLUMNG
22 independent variable = COLUMNI
23
24 Towal number of observations = 3
25 Total number of records with missing values = ¢
26 Muaximunt number of iterations = 250
27 Retative Fuaction Converzence has been set o §e-00%
2% Parameter Convergence has been set wy te-00%
29

Defaudt Iniial (and Specified; Parameter Values
Background =  6.0416667
© Slome = 301246007
Poswer = 2 Specitied

Asymptotic Correlation Mawrix of Parameter Estines

st heen specid vy e tiser,

The modef parameter ) -Power have been estmaied @ a houndary potnt
o not appear i the correlation maing §

fad T Tl Fad ok Tad Laed tad lad Ll

i
T e DL i e Bod e T

Buckgrouad Siope
41 Backzround § 18
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Stope i3 H

Parameter Estimates

Variable Estimate Sud. Ery.
Backyground G.015063 (3.01404491

Stope 3332007 [.18417e-007
Analysis of Deviance Table
Maodel  Logilikelihoody Deviapce Test DF - Povalue
Fall model -12.2426
Fitted mondel ~23.0703 163328 (L1982
Reduced model 350632 136411 2 00004014
AlC: 50,1405

Goodness of Fi

Scaled
Dose  Est._Prob waxl Ohwerved Size Residual
0000 0815 ; i 33 {re36l
130.0060 0.0203 [SXERs3 4] 32 1LR123
GHLOOGO 02331 7.B43 8 31 G:.06359
Chi-sguare = 10 DE=1 Povalue = 0.2051

Benchmark Dose Computation
Specified effect = 0.1

Risk Type = Exwarisk

Confidence level = (.95
BMD = 380,147

BMDL = 439,067
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Cuuantat Quadratic Modet with §.85 Gonfidence Level

g e e
: BMD Lower Bound
04
B o3
(]
=
= :
§ o2
T
E
w
0.1
o
BMDL BMD .
G 260 400 800G 800 1000
dose
11:00 11710 2003
! Benchmark Dose for Renal Tumors after Inhalation Exposure {omit highest dese) - "fomtté& =
Resulis of benchmark dose modeling of renal tubule adenomas and carcinemas (combined)
from male rats inhaling methyl t-buiyl cther for two years (omit highest dose)
1 Local Chi” scaled AIC T BMD | BMDL |
Maodel - 1 residuals < 217 prvalue’ o (mgfke-day) | (mg/kg-day)
Gumma Yes NA 51.797% 773 323
| Logistic Yes NA 51,7978 833 3id
Muitistage’ Yes. £.2951 3031405 SE( 3063
Probil Yes NA 51,7978 743 363
Quantal Linear Yes 0.1422 521041 413 235
Quantal Quadratic Yes 0,295} 50,1403 5RO 439
Weibull Yes _NA 517978 - 324
"p valite shouid be greater than 0.
T Graph was oo red @ good visual fit i the siandard deviation oy each dose Coit wiihin the extimuaed dose TOSRONNE QNS
 Mugltistage degree of polynomial = 3
Note that Benchmark Dose Soltware Version §,3.1 used

Cruanta Quadratic Medet SRevision: 2.2 $ $Date: 2000703717 2227106 5
Inpust Data File: CABMDS DATAWTBE _CHUN RENAL_OMIT_HIGH.h
Gauplot Ploting : CRENAL OMIT HIGH ok

fom Now HO LSS 20408

BMDS MODEL BUN

78
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The form of the probabiiity fution
Piresponse] = hackground + {1-backgromd) 7 -EXPslope™dose 2y

Dependent variable = COLUMN3
Independent varisble = COLUMN]

Total number of observations = 3
Total number of records with missing values = 4
Maximun nember of kerations = 250

Relative Punction Convergence has been sef tor 1008
Parameter Convergonce has been set to Le-{H8

Default Initial {and Specified) Parameter Values
Background = (.0416667
Slope = 3.0124e-007
Power = 2 Specitied

Asymptotic Correlation Mairix of Parameter Estimates

¢ #** The mode! parameferis) -Power have been estimated at a boundary point, or have been specified by the user.
and do not appear in the correlation matnix )

Background Siope

Background t IR
Slope -n15 i

Parameter Estimates
Variable Estimate Std. Err.
Background 0.015063 .0140401
Slope 3130422007 LIRS 17e-007
Analysis of Deviance Tuble
Modet  Logtlikelihoody Deviance Test DF - Povalue
Full model -22.24%6
Fitted model ~Z30703 OIS 0.1982
Reduced modei ~300632 56410 2 40004014
AT 30,115

Goodness of Fit

Sealed
Sxnected Observed

Duose  Est. Prob.

{ i3
{ LN (133
H 3 359
Chi-sqguare = P DE=1 Povalue = §.295 1

Bepchmark Dose Computation
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Specified effect = @l
Risk Type = Extrarisk
Confidence level = (.95

BMD = 586,147

WO e G LA e el T e

BMDL = 43807

Cruantal Quadratic Mode! with 0.95 Confidence Level

Quantal {}uadf Ho
BMD Lowsr Bound

04
g o8
§_, :
E b
& o2
Ix :
=
- H
01}
o
0 200 460 600 800 1000
dose
10 11:00 11/10 2003
i1
12 | (it PEER REVIEW HISTORY : Formatted: 2.il

14 This document has not undergone external peer review.
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